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(54) METHOD AND DEVICE FOR MEASURING LINEAR VELOCITY OF APPROXIMATELY 
CIRCULARLY MOVING BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the linear velocity of 
an approximately circularly moving body of an object to be 
measured with a high precision at a position farther distant from 
the body than before. 

SOLUTION: The measuring device is arranged in the tangential 
direction of a measurement point on the track of the head part 
of a bat 2. Then an ultrasonic wave of reference frequency Fo is 
sent from an ultrasonic wave transmission part 10 to the bat, its 
reflected wave is received by an ultrasonic wave receiver 21 of 
an ultrasonic wave reception part 20, and a Doppler signal 
component from the bat is extracted from the received 
ultrasonic wave by a notch filter 25 and a filter group 26. A 
frequency measuring instrument 31 measures the frequency of 
the extracted Doppler signal component, and a frequency data 
having the highest frequency is specified by a data specification 
part 32 from the sampled frequency data. Based on the 
specified frequency data, a speed arithmetic part 33 calculates 
the velocity, which is displayed on a display 40. 




* NOTICES * 
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damages caused by the use of this translation 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]Waves are transmitted towards a measuring object which moves a wave generated based on a 
reference signal of predetermined frequency by approximate circle movement, In a linear velocity 
measuring method of an approximate circle movement body which receives a reflected wave from this 
measuring object, and measures linear velocity of this measuring object based on a Doppler signal 
component of this reflected wave, The above-mentioned wave is transmitted from a tangential direction 
of the point of measurement on an orbit of the above-mentioned measuring object, Receive the 
reflected wave in this tangential direction, and two or more Doppler signal components of a reflected 
wave from this measuring object that received waves are sampled, A linear velocity measuring method 
of an approximate circle movement body specifying a specific sampling value with frequency which is 
equivalent to maximum velocity out of sampling data of two or more sampled Doppler signal components, 
and calculating relative-displacement speed of this measuring object based on this specific sampling 
value. 

[Claim 2]When sampling a Doppler signal component of a reflected wave from the above-mentioned 
measuring object in a linear velocity measuring method of an approximate circle movement body of 
Claim 1 , A linear velocity measuring method of an approximate circle movement body sampling only a 
Doppler signal component with frequency equivalent to speed range which this measuring object can 
take. 

[Claim 3]When the above-mentioned specific sampling value is specified out of the above-mentioned 
sampling data in a linear velocity measuring method of Claim 1 or an approximate circle movement body 
of 2, It is judged whether based on aging of frequency of these sampling data, this specific sampling 
value is included in these sampling data, A linear velocity measuring method of an approximate circle 
movement body sampling a Doppler signal component of a reflected wave from the above-mentioned 
measuring object again when it judges with specifying this specific sampling value and on the other hand 
not being contained out of the sampling data when it judges with being contained. 

[Claim 4]In a linear velocity measuring method of an approximate circle movement body of Claim 3, aging 
of frequency of the above-mentioned sampling data, A linear velocity measuring method of an 
approximate circle movement body judging with this specific sampling value not being included in these 
sampling data when equivalent to speed change which changes by predetermined variation of small 
within the limits per unit time. 

[Claim 5]In a linear velocity measuring method of Claim 3 or an approximate circle movement body of 4, 
aging of frequency of the above-mentioned sampling data, When equivalent to speed change which 
increases by variation of the 2nd less than default value per unit time after a size of speed of the 
above-mentioned measuring object increases by variation of the 1st more than default value per unit 
time, A linear velocity measuring method of an approximate circle movement body judging with this 
specific sampling value being included in these sampling data. 

[Claim 6]In a linear velocity measuring method of an approximate circle movement body of Claim 3, 4, or 
5, aging of frequency of the above-mentioned sampling data, When equivalent to speed change which 
decreases by variation of the 4th less than default value per unit time after a size of speed of the 
above-mentioned measuring object decreases by variation of the 3rd more than default value per unit 
time, A linear velocity measuring method of an approximate circle movement body judging with this 
specific sampling value being included in these sampling data. 

[Claim 7]In a linear velocity measuring method of Claims 3, 4 and 5 and an approximate circle movement 
body of 6, aging of frequency of the above-mentioned sampling data, A linear velocity measuring method 



of an approximate circle movement body judging with the above-mentioned specific sampling value not 
being included in these sampling data when a size of speed of the above-mentioned measuring object is 
equivalent to speed change which increases by variation of the 1st above-mentioned more than default 
value per unit time. 

[Claim 8]In a linear velocity measuring method of Claims 3, 4, 5 and 6 or an approximate circle 
movement body of 7, Speed change in which a size of speed of the above-mentioned measuring object 
decreases by variation of the 4th less than default value per unit time in aging of frequency of the 
above-mentioned sampling data, (it is hereafter called "a predetermined downward tendency".) — a 
linear velocity measuring method of an approximate circle movement body judging with this specific 
sampling value being included in these sampling data when it corresponds. 

[Claim 9]In a linear velocity measuring method of an approximate circle movement body of Claims 1, 2, 3 
and 4, 5, 6 and 7, or 8, A linear velocity measuring method of an approximate circle movement body 
specifying a moving average deviation with frequency which calculates a moving average deviation of 
these sampling data using a moving average cost method, and is equivalent to maximum velocity out of 
this moving average deviation when the above-mentioned specific sampling value is specified out of the 
above-mentioned sampling data. 

[Claim 10]A linear velocity measuring method of an approximate circle movement body characterized by 
using an ultrasonic wave, an electric wave, or a coherent light as the above-mentioned wave in a linear 
velocity measuring method of an approximate circle movement body of Claims 1, 2, 3 and 4, 5, 6, 7 and 
8, or 9. 

[Claim 1 1]A wave transmission means to turn to a measuring object a wave generated based on a 
reference signal of predetermined frequency, and to transmit waves, In a linear velocity measuring 
device of an approximate circle movement body provided with a wave-receiving means to receive a 
reflected wave from this measuring object, and a speed arithmetic means which calculates relative- 
displacement speed of this measuring object based on a Doppler signal component of this reflected 
wave, A sampling means which samples a Doppler signal component of a reflected wave from the above- 
mentioned measuring object, A data specifying means which specifies a specific sampling value with 
frequency which is equivalent to maximum velocity out of sampling data of two or more Doppler signal 
components sampled by this sampling means is established, A linear velocity measuring device of an 
approximate circle movement body which carries out the feature for calculating the above-mentioned 
relative-displacement speed by the above-mentioned speed arithmetic means based on this specific 
sampling value. 

[Claim 12]A linear velocity measuring device of an approximate circle movement body sampling only a 
Doppler signal component in which the above-mentioned sampling means has the frequency equivalent 
to speed range which the above-mentioned measuring object can take in a linear velocity measuring 
device of an approximate circle movement body of Claim 11. 

[Claim 13]In a linear velocity measuring device of Claim 11 or an approximate circle movement body of 
12, when the above-mentioned data specifying means specifies the above-mentioned specific sampling 
value out of the above-mentioned sampling data, A linear velocity measuring device of an approximate 
circle movement body performing a linear velocity measuring method of an approximate circle movement 
body of Claims 3, 4, 5 and 6, 7, or 8. 

[Claim 14]In a linear velocity measuring device of an approximate circle movement body of Claim 11, 12, 
or 13, A moving average calculating means which computes a moving average deviation of the above- 
mentioned sampling data using a moving average cost method is established, A linear velocity measuring 
device of an approximate circle movement body which carries out the feature for specifying a moving 
average deviation in which the above-mentioned data specifying means has the frequency which is 
equivalent to maximum velocity out of this moving average deviation, and calculating the above- 
mentioned relative-displacement speed by the above-mentioned speed arithmetic means based on the 
moving average deviation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates the linear velocity of an approximate circle movement body 
to the linear velocity measuring method of the approximate circle movement body to measure, and its 
device, and in detail, The ultrasonic wave which transmitted waves towards an approximate circle 
movement body like the head section at the time of swing of a bat, a golf club, etc., Based on the 
Doppler signal component produced by receiving the reflected wave of waves, such as an electric wave 
and light, it is related with the linear velocity measuring method which measures the speed of the head 
section, i.e., the linear velocity of this approximate circle movement body, and its device. 
[0002] 

[Description of the Prior Art]Conventionally, as this kind of a linear velocity measuring device, when a 
golf club is swung, what measures the speed of the head section which performs approximate circle 
movement is known. What comprised two or more light-emitting parts which made the sequence and 
were formed in accordance with the orbit of the above-mentioned head section as such a rate 
measurement device, and a light sensing portion which receives the beam which these light-emitting 
parts emit, respectively is indicated by JP,H4-12154,B. When the head section of a golf club crosses the 
beam which each above-mentioned light-emitting part emits, as for this device, each above-mentioned 
light sensing portion detects this head section. And based on the detection signal from each light 
sensing portion, the mean velocity and average acceleration of the above-mentioned head section are 
calculated from the distance between these light sensing portions, and this result of an operation is 
displayed on a speed indicator and an acceleration indicator. 

[0003]In accordance with the orbit of the head section of a golf club, two or more magnetic sensors are 
formed in JP,H1 1-571 05,A, The movement measuring device of the golf club head which detects 
passage of the source of a magnetic generation attached to this head section, calculates head speed 
and head acceleration based on the detection result, and displays the result of an operation with this 
magnetic sensor is indicated. A sensor coil is used for this device as the above-mentioned magnetic 
sensor, and it detects passage of this head section with the induction electric power generated in this 
sensor coil by passing the position in which the source of a magnetic generation attached to the above- 
mentioned head section separated from this sensor coil about 100-150 mm. 
[0004] 

[Problem(s) to be Solved by the Invention]However, in the conventional rate measurement device 
mentioned above, Even if it is a thing of the photoelectric method indicated by JP,H4-12154,B, There 
was a problem that it could not measure if the orbit of the head section of the golf club which is a 
measuring object is approached and the device main frame is not arranged even if it is a thing of the 
magnetic-field-detection type indicated by JP.H1 1-571 05,A. In this case, it may happen that a 
measuring object contacts a rate measurement device and breaks this rate measurement device. 
[0005]In addition, as what measures the head speed of a golf club, the spring-type rate measurement 
machine attached to the shaft part near the head of this golf club is produced commercially. There is a 
problem that the accuracy of measurement and its resolution are low although this device is cheap, and 
exact rate measurement cannot be carried out. 

[0006]On the other hand, such linear velocity measurement of an approximate circle movement body 
has needs also in the head speed measurement at the time of bat swing of baseball in addition to head 
speed measurement of the golf club mentioned above. Although the measuring device in particular of the 
head speed of such a bat has not appeared on the market in a commercial scene as a product, 



Conventionally, as the orbit of the head section of a bat is put, a photogenic organ and an electric eye 
are arranged in the perpendicular direction, When this head section crosses the beam which this light- 
emitting part emits, the device with which this light sensing portion computes the speed of this head 
section from the time when the beam was interrupted by this head section, and the width of this head 
section is proposed. 

[0007] By the way, the rate measurement device which measures the speed of this measuring object 
based on the Doppler signal component produced by receiving conventionally the wave reflected from 
the measuring object which carries out an abbreviated straight-line motion like a ball using waves, such 
as a sound wave, is known. A wave transmission means for such a rate measurement device to turn to a 
measuring object the wave generated based on the reference signal of predetermined frequency, and to 
transmit waves, The reflected wave reflected from this subject is received, and it is considered as an 
input signal, and has composition provided with a wave-receiving means to extract the Doppler signal 
component in this input signal, and the speed arithmetic means which calculates the relative- 
displacement speed of this subject over this device based on this Doppler signal ingredient. According to 
this rate measurement device, the speed of this measuring object can be measured from the position 
which is separated from a measuring object to some extent. 

[0008]Based on the reflected wave which received the Doppler shift, velocity operation of what carries 
out rate measurement like this rate measurement device using the Doppler effect is carried out to the 
speed direction of a measuring object. Therefore, when direction of speed makes a measuring object a 
fixed abbreviated straight-line motion object like a ball, there is little aging of the frequency of the 
Doppler signal component. As a result, if the average of that frequency data is computed, rate 
measurement can be carried out in high accuracy. On the other hand, when direction of speed (linear 
velocity) makes a measuring object what changes temporally like an approximate circle movement body, 
the cosine component of the linear velocity will calculate from the reflected wave which received the 
Doppler shift with this measuring object. Therefore, the frequency of this Doppler signal component 
changed a lot temporally, and even if it computed the average of that frequency data, it was not able to 
carry out exact rate measurement. 

[0009]In the thing of a photoelectric method like the head speed measuring device of the bat which was 
indicated by above-mentioned JP.H4-12154.B and which was equipped and mentioned above, when it 
was used outdoors, there was also a problem that measurement was impossible in response to the 
influence of sunlight. 

[0010]This invention is made in view of the above background, and the 1st purpose is to provide the 
linear velocity measuring method of the approximate circle movement body which can measure the 
linear velocity of this approximate circle movement body in high accuracy from the position which is 
separated from the approximate circle movement body which is a measuring object from before, and its 
device. The 2nd purpose is to provide the linear velocity measuring method of the approximate circle 
movement body in which measurement on the outdoors is possible. 
[0011] 

[Means for Solving the Problem]In order to attain the 1st purpose of the above, an invention of Claim 1, 
By a measuring means which receives a reflected wave from this measuring object while transmitting 
waves towards a measuring object which moves a wave generated based on a reference signal of 
predetermined frequency by approximate circle movement. In a linear velocity measuring method of an 
approximate circle movement body which measures linear velocity of this measuring object in the point 
of measurement on an orbit of this measuring object based on a Doppler signal component of this 
reflected wave, The above-mentioned measuring means is arranged to a tangential direction of the point 
of measurement on an orbit of the above-mentioned measuring object, Two or more Doppler signal 
components of a reflected wave from this measuring object that received waves by this measuring 
means are sampled, A specific sampling value with frequency which is equivalent to maximum velocity 
out of sampling data of two or more sampled Doppler signal components is specified, and relative- 
displacement speed of this measuring object is calculated based on this specific sampling value. 
[0012]Thus, in a measuring method which performs velocity operation based on a Doppler signal 
component which a reflected wave from a measuring object has, Relative-displacement speed of this 
measuring object to this measuring means in a direction (henceforth "the direction of rate 
measurement") which contracts this measuring object that performs the measuring method, and a 
measuring means can be measured. However, when a measuring object is an approximate circle 
movement body, direction of linear velocity of this measuring object has turned to a tangential direction 
on the orbit, and the direction changes temporally, when this measuring object moves. Therefore, when 



arranging the above-mentioned measuring means in arbitrary positions and measuring relative- 
displacement speed of an approximate circle movement body, a cosine component of linear velocity in 
an angle of the direction of rate measurement and a tangential direction of each point on the above- 
mentioned orbit to make will show the above-mentioned relative-displacement speed. 
[0013]Then, in a linear velocity measuring method of this claim, a measuring means is first arranged on 
extension wire of the tangential direction to the point of measurement of a request on an orbit of a 
measuring object which moves by approximate circle movement. Thereby, direction and the above- 
mentioned rate measurement direction of linear velocity of a measuring object in the point of 
measurement can be coincided. At this time, relative-displacement speed of a measuring object 
calculated by this linear velocity measuring method turns into the linear velocity of this measuring 
object itself in the point of measurement. 

[0014]The above-mentioned measuring means receives a reflected wave from a measuring object in 
each point on the above-mentioned orbit. Relative-displacement speed found from a reflected wave 
received by this measuring means, Since it is a cosine component of linear velocity of the above- 
mentioned measuring object as mentioned above, when this measuring means has been arranged to a 
direction of movement of a measuring object in the point of measurement, a value with the largest 
relative-displacement speed found from a reflected wave in the point of measurement will be shown. On 
the other hand, when the above-mentioned measuring means has been arranged to a counter direction 
to a direction of movement of a measuring object in the point of measurement, a value with the smallest 
relative-displacement speed found from a reflected wave in the point of measurement will be shown. 
Therefore, if a sampling value with frequency which is equivalent to maximum velocity out of sampling 
data of a Doppler signal component sampled by the above-mentioned measuring means is specified, 
relative-displacement speed of a measuring object in the point of measurement can be calculated, and 
linear velocity of a measuring object can be measured. Here, frequency equivalent to maximum velocity 
means the maximum frequency, when the above-mentioned measuring means has been arranged to a 
direction of movement of a measuring object in the point of measurement, and when it has arranged to a 
counter direction to a direction of movement, it means minimum frequencies. 

[001 5]Especially in a linear velocity measuring method of an approximate circle movement body of Claim 
1 an invention of Claim 2, When sampling a Doppler signal component of a reflected wave from the 
above-mentioned measuring object, only a Doppler signal component with frequency equivalent to speed 
range which this measuring object can take is sampled. 

[0016]In this linear velocity measuring method, since speed range which a measuring object can take is 
predicted and only a thing in that speed range is sampled, influence by a noise can be lessened. 
[0017]In a linear velocity measuring method of Claim 1 or an approximate circle movement body of 2 an 
invention of Claim 3, When the above-mentioned specific sampling value is specified out of the above- 
mentioned sampling data, It is judged whether based on aging of frequency of these sampling data, this 
specific sampling value is included in these sampling data, When it judges with being contained, this 
specific sampling value is specified out of the sampling data, and when it judges with not being contained 
on the other hand, a Doppler signal component of a reflected wave from the above-mentioned 
measuring object is sampled again. 

[0018]Processing of it in real time which repeats a sampling and performs it is attained until this linear 
velocity measuring method obtains sampling data which limit a sampling number and have the above- 
mentioned specific sampling value. If a method of processing in this real time is used, after sampling all 
Doppler signal components by a measuring object under movement, it will become possible to stop small 
a storage capacity of a memory measure which memorizes sampling data compared with a method of 
performing by batch processing. Such fault is also canceled, although a means to tell a device about a 
measurement start and an end is also needed and there is fault that an equipment configuration is 
complicated, in a method of performing by batch processing. 

[0019]By the way, a sampling number and a sampling period are usually set up corresponding to speed 
range which a measuring object can take so that aging of frequency of sampling data can be judged, 
therefore — a case where sampling data which do not almost have aging are obtained — the sampling 
data — a noise — or it is thought that it is based on other reflective subjects which carry out uniform 
motion. 

[0020]Then, he is trying to eliminate sampling data based on such a noise etc. in Claim 4. Namely, in a 
linear velocity measuring method of an approximate circle movement body of Claim 3 an invention of 
Claim 4, When aging of frequency of the above-mentioned sampling data is equivalent to speed change 
(henceforth "a predetermined eternal tendency") which changes by predetermined variation of small 



within the limits per unit time, It judges with this specific sampling value not being included in these 

sampling data. Here, inclination to time of speed of a measuring object is a thing of speed change which 

is settled in a stipulated range, and "it is the predetermined variation of small within the limits per unit 

time" means speed change which is a grade from which this speed hardly changes. 

[0021 ]In this linear velocity measuring method, a noise etc. can be removed by eliminating sampling data 

equivalent to a predetermined eternal tendency, and a factor of erroneous measurement can be 

reduced. 

[0022]In a linear velocity measuring method of Claim 3 mentioned above, it is judged whether a specific 
sampling value is included in a part of sampling data of all the sampling data. However, when judged with 
"A specific sampling value is not included" by the above-mentioned judgment, a sampling will be started 
again and the above-mentioned judgment will be performed again. For this reason, when a specific 
sampling value has existed exactly between that 1st sampling and the 2nd sampling for example, while 
judging the 1st sampling data namely, this specific sampling value cannot be sampled. In this case, linear 
velocity measurement cannot be performed. 

[0023]Then, it enables it to also extract sampling data near [ above-mentioned ] a specific sampling 
value in Claims 5 and 6. Namely, in a linear velocity measuring method of Claim 3 or an approximate 
circle movement body of 4 an invention of Claim 5, After a size of speed of the above-mentioned 
measuring object increases by variation of the 1st more than default value per unit time in aging of 
frequency of the above-mentioned sampling data, When equivalent to speed change which increases by 
variation of the 2nd less than default value per unit time, it judges with this specific sampling value being 
included in these sampling data, sampling data used as a determination object in this linear velocity 
measuring method are equivalent to speed change which serves as about 1 law, after increasing by 
comparatively large variation. 

[0024]In a linear velocity measuring method of an approximate circle movement body of Claim 3, 4, or 5 
an invention of Claim 6, After a size of speed of the above-mentioned measuring object decreases by 
variation of the 3rd more than default value per unit time in aging of frequency of the above-mentioned 
sampling data. When equivalent to speed change which decreases by variation of the 4th less than 
default value per unit time, it judges with this specific sampling value being included in these sampling 
data. Sampling data used as a determination object in this linear velocity measuring method are 
equivalent to speed change which decreases by comparatively large variation from an almost fixed state. 

[0025]In a linear velocity measuring method of above-mentioned Claim 5, sampling data which are just 
before a specific sampling value which increases by variation of the 2nd less than default value per unit 
time can be extracted. In a linear velocity measuring method of above-mentioned Claim 6, sampling data 
immediately after a specific sampling value which decreases by variation of the 3rd more than default 
value per unit time can be extracted. On the other hand, since these sampling data will be judged to be 
noises etc. if it corresponds to Claim 4 which sampling data judged in the above-mentioned Claims 5 and 
6 mentioned above, In a linear velocity measuring method of Claims 5 and 6, the 1st default value and 
the 4th default value are set up, and distinction with Claim 4 is aimed at. 

[0026]Sampling data separated from this specific sampling value in time to sampling data near [ which is 
judged by a linear velocity measuring method of the above-mentioned Claims 5 and 6 ] a specific 
sampling value being needed by Reason mentioned above are unnecessary. So, these unnecessary 
sampling data are eliminated in Claim 7. Namely, speed change for which a size of speed of the above- 
mentioned measuring object increases an invention of Claim 7 in a linear velocity measuring method of 
Claims 3, 4 and 5 and an approximate circle movement body of 6 by variation of the 1st above- 
mentioned more than default value per unit time in aging of frequency of the above-mentioned sampling 
data (following.) It is called "a predetermined upward tendency". When it corresponds, it judges with the 
above-mentioned specific sampling value not being included in these sampling data. 
[0027]In this linear velocity measuring method, it judged that sampling data which always have a 
predetermined upward tendency were left in time before the above-mentioned specific sampling value, 
and such sampling data are eliminated. 

[0028]Back sampling data are more unnecessary than a specific sampling value similarly. However, even 
if a linear velocity measuring method of the above-mentioned Claims 5 and 6 is adopted and it extracts 
sampling data near a specific sampling value, a case where sampling data cannot be sampled too may 
happen. In this case, linear velocity in that measurement cannot be known at all. 

[0029]Then, even if it is sampling data after a specific sampling value, it enables it to extract in Claim 8. 
Namely, in a linear velocity measuring method of Claims 3, 4, 5 and 6 or an approximate circle movement 



body of 7 an invention of Claim 8, Speed change in which a size of speed of the above-mentioned 
measuring object decreases by variation of the 4th less than default value per unit time in aging of 
frequency of the above-mentioned sampling data, (it is hereafter called "a predetermined downward 
tendency".) — when it corresponds, it judges with this specific sampling value being included in these 
sampling data 

[0030]In this linear velocity measuring method, frequency set to NG without the ability to know linear 
velocity in that measurement at all can be lessened by judging with a specific sampling value being 
included in sampling data equivalent to a predetermined downward tendency. It is thought that such 
sampling data are not what is not much separated from a specific sampling value, and, moreover, aging 
of frequency is dramatically small near [ this ] a specific sampling value. Therefore, even if it judges with 
a specific sampling value being included in these sampling data, that error can be suppressed few. 
[0031]In a linear velocity measuring method of an approximate circle movement body of Claims 1, 2, 3 
and 4, 5, 6 and 7, or 8 an invention of Claim 9, When the above-mentioned specific sampling value is 
specified out of the above-mentioned sampling data, a moving average deviation of these sampling data 
is calculated using a moving average cost method, and a moving average deviation with frequency which 
is equivalent to maximum velocity out of this moving average deviation is specified. 
[0032]In this linear velocity measuring method, not using sampling data of a sampled Doppler signal 
component as it is, a moving average deviation of these sampling data is calculated, and a moving 
average deviation with frequency which is equivalent to maximum velocity out of that moving average 
deviation is specified. Thereby, even if it is a case where a noise is contained in sampling data, an error 
of measurement by this noise can be suppressed minor. 

[0033]In order to attain the 2nd purpose of the above, an invention of Claim 10 used an ultrasonic wave, 
an electric wave, or a coherent light as the above-mentioned wave in a linear velocity measuring method 
of an approximate circle movement body of Claims 1, 2, 3 and 4, 5, 6, 7 and 8, or 9. 
[0034]In this linear velocity measuring method, since rate measurement is carried out using an 
ultrasonic wave, an electric wave, or a coherent light, it is not influenced by sunlight like a rate 
measurement device of the conventional photoelectric method. 

[0035]In order to attain the 1st purpose of the above, an invention of Claim 11, A wave transmission 
means to turn to a measuring object a wave generated based on a reference signal of predetermined 
frequency, and to transmit waves, In a linear velocity measuring device of an approximate circle 
movement body provided with a wave-receiving means to receive a reflected wave from this measuring 
object, and a speed arithmetic means which calculates relative-displacement speed of this measuring 
object based on a Doppler signal component of this reflected wave, A sampling means which samples a 
Doppler signal component of a reflected wave from the above-mentioned measuring object, A data 
specifying means which specifies a specific sampling value with frequency which is equivalent to 
maximum velocity out of sampling data of two or more Doppler signal components sampled by this 
sampling means is established, The feature is carried out for calculating the above-mentioned relative- 
displacement speed by the above-mentioned speed arithmetic means based on this specific sampling 
value. 

[0036]If this linear velocity measuring device is arranged on extension wire of that tangential direction to 
the point of measurement of a request on an orbit of a measuring object which moves by approximate 
circle movement, Direction of linear velocity of the above-mentioned measuring object in this point of 
measurement and the direction of rate measurement which is direction of relative-displacement speed 
of this measuring object to this linear velocity measuring device are in agreement. If it is made in 
agreement in this way, when this linear velocity measuring device will have been arranged to a direction 
of movement of a measuring object in the point of measurement, a value with the largest relative- 
displacement speed found from a reflected wave in the point of measurement will be shown. On the 
other hand, when the above-mentioned linear velocity measuring device has been arranged to a counter 
direction to a direction of movement of a measuring object in the point of measurement, a value with 
the smallest relative-displacement speed found from a reflected wave in the point of measurement will 
be shown. Therefore, if a sampling value with the maximum frequency or minimum frequencies which is 
equivalent to maximum velocity by the above-mentioned data specifying means is specified, by the 
above-mentioned speed arithmetic means, relative-displacement speed of a measuring object in the 
point of measurement can be calculated, and linear velocity of a measuring object can be measured. 
[0037]In particular, an invention of Claim 12 samples only a Doppler signal component in which the 
above-mentioned sampling means has the frequency equivalent to speed range which the above- 
mentioned measuring object can take in a linear velocity measuring device of an approximate circle 



movement body of Claim 1 1 . 

[0038]In this linear velocity measuring device, since speed range which a measuring object can take is 
predicted and only a thing in that speed range is sampled, influence by a noise can be lessened. 
[0039]In a linear velocity measuring device of Claim 11 or an approximate circle movement body of 12 
an invention of Claim 13, When the above-mentioned data specifying means specifies the above- 
mentioned specific sampling value out of the above-mentioned sampling data, a linear velocity measuring 
method of an approximate circle movement body of Claims 3, 4, 5 and 6, 7, or 8 is performed. 
[0040]A data specifying means which specifies a specific sampling value in this linear velocity measuring 
device out of sampling data sampled by a sampling means, Since processing operation of a linear 
velocity measuring method of Claims 3, 4, 5 and 6, 7, or 8 is performed, a storage capacity of a memory 
measure which memorizes sampling data is stopped small, and quick processing in real time is attained. 
[0041]In a linear velocity measuring device of an approximate circle movement body of Claim 1 1, 12, or 
13 an invention of Claim 14, A moving average calculating means which computes a moving average 
deviation of the above-mentioned sampling data using a moving average cost method is established, A 
moving average deviation in which the above-mentioned data specifying means has the frequency which 
is equivalent to maximum velocity out of this moving average deviation is specified, and the feature is 
carried out for calculating the above-mentioned relative-displacement speed by the above-mentioned 
speed arithmetic means based on the moving average deviation. 

[0042]In this linear velocity measuring device, not using sampling data of a sampled Doppler signal 
component as it is, a moving average deviation of these sampling data is calculated, and a moving 
average deviation with frequency which is equivalent to maximum velocity out of that moving average 
deviation is specified. Thereby, even if it is a case where a noise is contained in sampling data, an error 
of measurement by this noise can be suppressed minor. 
[0043] 

[Embodiment of the Invention]One embodiment applied to the head speed measuring device (only 
henceforth a "measuring device") which measures hereafter, the linear velocity of a bat, i.e., the head 
speed of this bat, which are the approximate circle movement bodies which carry out approximate circle 
movement of this invention at the time of swing, is described. According to this embodiment, an 
ultrasonic wave is used as a wave used for this rate measurement, and this ultrasonic wave is 
transmitted towards the head section of the bat under swing which is a measuring object. And the head 
speed of this bat is measured using the Doppler effect of a reflected wave reflected from this bat. 
[0044]First, the composition of the whole measurement system for measuring the head speed of a bat 
with the measuring device concerning this embodiment is explained. In this measurement system, the 
head speed in the position to which a bat becomes vertical to the direction of movement of the position, 
i.e., a ball, in which a ball carries out impact during swing of a bat is measured. 

[0045] Drawing 1 is an outline lineblock diagram of the measurement system in this embodiment. In this 
measurement system, the above-mentioned measuring device 1 is arranged in the direction of a pitcher 
when the batter 3 stands on an at-bat and the bat 2 is swung. When the batter 3 swings the bat 2, in 
accordance with the orbit shown in the drawing 1 destructive line arrow A, the head section 2a draws an 
approximate circle orbit, and moves. In the following explanation, the direction which connects the 
above-mentioned measuring device 1 and the position of the head section 2a in the point of 
measurement is called direction of X. 

[0046]Next, the composition of the above-mentioned measuring device 1 is explained. Drawing 2 is a 
block diagram showing the measuring device 1 concerning this embodiment. This measuring device 1 is 
provided with the following. 

The ultrasonic-waves-transmission part 10 as a wave transmission means. 
The ultrasonic wave-receiving part 20 as a wave-receiving means. 
Signal processing part 30. 
The indicator 40 as an informing means. 

Hereafter, it explains to the composition and operation of each part. 

[0047]First, the composition and operation of the above-mentioned ultrasonic-waves-transmission part 
10 are explained. Based on the reference signal of the predetermined frequency Fo, this ultrasonic- 
waves-transmission part 10 turns an ultrasonic wave to the head section 2a of the bat 2 continuously, 
and transmits waves. This ultrasonic-waves-transmission part 10 is provided with the following. 
The reference oscillator 1 1 for generating the reference signal of the predetermined frequency Fo. 
The output amplifier 12 which amplifies this reference signal even to a predetermined level. 
The ultrasonic wave transmitter 13 which changes into an ultrasonic wave the predetermined electrical 



signal amplified with this output amplifier. 



[0048]Next, the composition and operation of the above-mentioned ultrasonic wave-receiving part 20 
are explained. The ultrasonic wave transmitted from the above-mentioned ultrasonic-waves- 
transmission part 10 is reflected by the above-mentioned bat 2, and this ultrasonic wave-receiving part 
20 receives the ultrasonic wave containing that reflected wave that has returned, and extracts a 
Doppler signal component out of the input signal of the ultrasonic wave which received waves. The 
ultrasonic wave receiver 21 from which this ultrasonic wave-receiving part 20 changes an ultrasonic 
wave into an electrical signal, The preamplifier 22 which amplifies the weak input signal outputted from 
this ultrasonic wave receiver, The notch filter 25 from which the reflected wave which has not received 
the Doppler shift from [ out of the input signal outputted from this preamplifier ] the direct wave and 
static object from the above-mentioned ultrasonic-waves-transmission part 10 is removed, The filter 
group 26 which passes this Doppler signal ingredient selectively by the frequency band which the 
Doppler signal component which passed this notch filter can take, The signal detector group 27 which 
detects two or more Doppler signal components which passed this filter group, respectively, It 
comprises the signal selection section 28 which chooses the Doppler signal component by the head 
section 2a based on the detection result of this signal detector group, and the output change machine 
29 which outputs one in two or more Doppler signal components outputted from this filter group based 
on the selected result of this signal selection section. 

[0049]After the ultrasonic wave received by the above-mentioned ultrasonic wave receiver 21 is 
changed into an electrical signal, it is amplified by the above-mentioned aforementioned amplifier 22, and 
is inputted into the above-mentioned notch filter 25. With this notch filter 25, the signal component of 
the reference frequency Fo which is the same frequency as the reference signal of the ultrasonic wave 
transmitted from the above-mentioned ultrasonic-waves-transmission part 10 can be attenuated 
selectively, and the saturation of a latter circuit can be prevented. 

[0050]As for this notch filter 25, the center frequency of that attenuation band is set as this reference 
frequency Fo. The powerful ultrasonic wave spread directly from the above-mentioned ultrasonic- 
waves-transmission part 10 can be attenuated by this, and the weak reflected wave from the above- 
mentioned bat 2 can be efficiently extracted out of the ultrasonic wave which received waves. What 
constituted the cut off frequency of the low pass filter and the highpass filter as the above-mentioned 
notch filter 25, for example combining in parallel what was made the same can be used. In this case, the 
characteristic with comparatively high Q can be obtained. The extinction ratio to the fundamental wave 
signal ingredient of this notch filter 25 is suitably set up so that predetermined signal processing can be 
performed in a latter circuit. 

[0051 ]The above-mentioned filter group 26, The frequency band which the Doppler signal component by 
the reflected wave from the above-mentioned bat 2 can take is divided into five. It comprises five band 
pass filters (BPF1, BPF2, BPF3, BPF4, BPF5) which pass only five obtained frequency bands (HH, HL, 
M, LH, LL), respectively. The Doppler signal component which was outputted from the above-mentioned 
notch filter 25, and branched to five is inputted into each above-mentioned band pass filter (BPF1 , 
BPF2, BPF3, BPF4, BPF5), respectively. And each zone signal Se (SeHH-SeLL) which passed each 
band pass filter is outputted to the signal detector group 27 and the output selection machine 29. The 
number of the band pass filter provided in the above-mentioned filter group 26 is not limited to five 
pieces, and is suitably determined according to the reading-per-second range or the accuracy of 
measurement demanded. 

[0052]Each band pass filter (BPF1, BPF2, BPF3, BPF4, BPF5) used for the above-mentioned filter group 
26, For example, when the frequency Fo of the above-mentioned reference signal is 32.768 kHz and the 
reading-per-second range is 50-180 km/h. The frequency band which a Doppler signal component can 
take, Since it is set to 35.5k-43.9kHz, the center frequency of each band pass filter (BPF1 , BPF2, BPF3, 
BPF4, BPF5) of the above-mentioned filter group 26, respectively 36.3 kHz, It is set as 38.0 kHz, 39.7 
kHz, 41.4 kHz, and 43.1 kHz, and pass band width is set as 1.7 kHz. 

[0053]Each zone signal Se which passed the above-mentioned filter group 26 is inputted into the 
above-mentioned signal detector group 27. This signal detector group 27 comprises five signal detectors 
corresponding to the number of the band pass filter provided in the above-mentioned filter group 26. 
These signal detectors output the detecting signal Sf to the above-mentioned signal selection section 
28, when the direction of zone signal Se outputted from the above-mentioned band pass filter rather 
than the threshold beforehand set up in each signal detector has a big signal level. 
[0054]Each zone signal Se which passed the above-mentioned filter group 26 is inputted also into the 



above-mentioned output change machine 29. This output change machine 29 outputs the one signal Sh 
in inputted zone signal Se to the above-mentioned signal processing part 30 under control of the above- 
mentioned signal selection section 28. 

[0055]The above-mentioned signal selection section 28 makes the above-mentioned signal processing 
part 30 output the zone signal Sh corresponding to the detecting signal Sf which chose the detecting 
signal with the highest frequency out of the detecting signal Sf outputted from the above-mentioned 
signal detector group 27, and controlled and chose the above-mentioned output change machine 29. 
That is, this signal selection section 28 chooses what has the highest frequency out of the Doppler 
signal component of the ultrasonic wave which received waves by the above-mentioned ultrasonic wave 
receiver 21 . 

[0056]Thus, the highest frequency is chosen out of a Doppler signal component because the Doppler 
signal component of the ultrasonic wave received by the above-mentioned ultrasonic wave receiver 21 
is not necessarily a thing from the head section 2a of the bat 2. If the object made to generate the 
reflected wave which received the Doppler shift is only the above-mentioned head section 2a when it 
explains concretely, it is possible that the number of the Doppler signal components of the ultrasonic 
wave which received waves by the above-mentioned ultrasonic wave receiver 21 is one. However, since 
the ultrasonic wave transmitted from the above-mentioned ultrasonic-waves-transmission part 10 
advances spreading by diffraction, it cannot be almost hit only against the head section 2a which is a 
measuring object. For this reason, the reflected wave from a batter's arm, the body, etc. which swings 
the body part and grip part of a bat, and this bat will also be received by the above-mentioned 
ultrasonic wave receiver 21, for example in addition to the reflected wave from the head section 2a. The 
reflected wave received by the above-mentioned ultrasonic wave receiver 21 has received the Doppler 
shift which changes with each reflective subjects, respectively. Therefore, several reflected waves from 
which frequency differs will be received by the above-mentioned ultrasonic wave receiver 21, and the 
input signal becomes what several Doppler signal components from which frequency differs 
superimposed. For this reason, there is a possibility that head speed of the bat 2 cannot be measured 
correctly. 

[0057]However, since the head section 2a which is a measuring object carries out approximate circle 
movement a center [ the batter's 3 body ], it is thought in the reflective subject which exists in the time 
base range in this embodiment that speed is the quickest. Therefore, the Doppler signal component by 
this head section 2a will have the highest frequency in the received Doppler signal component. 
Therefore, if what has the highest frequency out of this Doppler signal component is chosen, the 
Doppler signal component based on the reflected wave from the above-mentioned head section 2a can 
be obtained. So, what has the highest frequency is chosen out of a Doppler signal component using the 
above-mentioned filter group 26, the above-mentioned signal detector group 27, and the above- 
mentioned signal selection section 28, and it constitutes from this embodiment so that the Doppler 
signal component may be used for velocity operation. 

[0058]Next, composition and operation of the above-mentioned signal processing part 30 are explained. 
The frequency measuring instrument 31 with which this signal processing part 30 measures the 
frequency Fi of the zone signal Sh continuously outputted from the output change machine 29 of the 
above-mentioned ultrasonic wave-receiving part 20, The data specific part 32 as a data specifying 
means which specifies the frequency data of the point of measurement on the orbit of the head section 
2a out of the frequency data measured with this frequency measuring instrument, It comprises the 
speed operation part 33 as a speed arithmetic means which calculates speed based on the frequency 
data specified by this data specific part, and the meter 34 which measures atmospheric temperature in 
order to amend the sonic change by atmospheric temperature. 

[0059]With the above-mentioned frequency measuring instrument 31, the zone signal Sh outputted from 
the above-mentioned output change machine 29 is sampled at intervals of isochronous, and is outputted 
to the above-mentioned data specific part 32. The frequency Fi measured here receives the Doppler 
shift in the direction of X shown in drawing 1 . 

[0060]Hereafter, the data processing operation of the data specific part 32 which is a characterizing 
portion of this invention is explained. Drawing 3 is a flow chart which shows the data processing 
operation of the above-mentioned data specific part 32. According to this embodiment, 15 continuous 
frequency data in the frequency data of the Doppler signal component of the head section 2a under 
swing is sampled, and the frequency data of the point of measurement which is a specific sampling value 
is specified based on aging of these sampling data. Here, although the case where a sampling number is 
15 pieces is explained, this sampling number is suitably set up according to a sampling period, the 



accuracy of measurement, etc. The data number counter which counts the number of the sampled 
frequency data and which is not illustrated is formed in the above-mentioned data specific part 32, and 
the initial state of this data number counter is set as "1." 

[0061]In the above-mentioned data specific part 32, the 1st frequency data measured by the above- 
mentioned frequency measuring instrument 31 is incorporated first (S1), and it is judged whether it is a 
thing corresponding to the speed in specified rate within the limits to which this frequency data was set 
beforehand (S2). The specified rate range in this embodiment is set as the frequency range where speed 
will be 50-180 km/h by data processing of the speed operation part 33 mentioned later. It is thought 
that this frequency data is what is depended on the reflected wave from the batter's 3 body, etc. when 
this is a thing corresponding to the speed in which the incorporated frequency data is smaller than 50 
km/h, In head speed measurement of a bat, since the necessity for a larger speed than 180 km/h is low, 
such a speed range has also been excepted. 

[0062]When it is judged that frequency data is a thing of specified rate within the limits in the above S2, 
this frequency data is stored in the memory 35 as the 1st frequency data (S3). On the other hand, when 
the above-mentioned frequency data is judged not to be a thing of specified rate within the limits, 
incorporation is again started for the new frequency data from the above-mentioned frequency 
measuring instrument 31 as the 1st frequency data (S1). 

[0063]If the 1 st frequency data is stored in a memory in the above S3, the new frequency data from the 
above-mentioned frequency measuring instrument 31 will be incorporated as the 2nd frequency data, 
and it will be judged whether this frequency data is a thing of above-mentioned specified rate within the 
limits like (S4) and the above S2 (S5). At this time, when the 2nd incorporated frequency data is judged 
not to be a thing of specified rate within the limits, the above-mentioned data number counter is reset 
(S6). And this 2nd frequency data is stored in the above-mentioned memory 35 as the 1 st frequency 
data (S3), and incorporation is again started for the new frequency data from the above-mentioned 
frequency measuring instrument 31 as the 2nd frequency data (S4). 

[0064]When it is judged that the 2nd frequency data is the things of specified rate within the limits in 
the above S5, The absolute value of the difference of this 2nd frequency data and the 1 st frequency 
data incorporated before one is computed (S7), and it is judged whether it is a thing corresponding to 
the speed in the regulation fluctuation range where this absolute value was set up beforehand (S8). The 
regulation fluctuation range in this embodiment is set as the frequency range where speed will be 5 
km/h or less by data processing of the speed operation part 33 mentioned later. This frequency range is 
a range made the optimal based on the data measuring of a lot of bat swings or golf swings. It is 
because it is thought that that to which the frequency data taking-in interval of the account data 
specific part 32 of Mogami is 360microsec, and this has not less than 5-km/h velocity turbulence in 
within a time [ this ] is a noise. It is also for eliminating the data of the portion, since big variation arises 
in a change of frequency data with the passage of time with other reflective subjects until the head 
section 2a arrives at the point of measurement, and sampling only the frequency data corresponding to 
the direction speed of X of this head section. This Reason is mentioned later. 

[0065]When it is judged that there is no above-mentioned absolute value into a regulation fluctuation 
range in the above S8, After shifting to the above S6 and resetting the above-mentioned data number 
counter (S6), The 2nd above-mentioned frequency data is stored in the above-mentioned memory 35 as 
the 1 st frequency data (S3), and incorporation is again started for the new frequency data from the 
above-mentioned frequency measuring instrument 31 as the 2nd frequency data (S4). 
[0066]On the other hand, when it is judged that the above-mentioned absolute value is in a regulation 
fluctuation range in the above S8, the above-mentioned data number counter is made to increase one 
time (S9). And it is judged whether this data number counter reached default value (S10). According to 
this embodiment, since the sampling number of frequency data is 1 5 pieces, this default value is set as 
15. Here, since only the 2nd frequency data is still incorporated, it is judged that the data number 
counter has not reached default value yet in the above S10. In this case, it returns to the above S3 
again, this 2nd frequency data is stored in the above-mentioned memory 35 (S3), and incorporation is 
started for the new frequency data from the above-mentioned frequency measuring instrument 31 as 
the 3rd frequency data (S4). Henceforth, the process to the above S10 is repeated until it is judged that 
the above-mentioned data number counter reached default value. 

[0067]Thus, when it is judged that 15 continuous frequency data was sampled and the data number 
counter reached default value in the above S10, It judges by to which of the judging standard set up 
beforehand that shows drawing 4 t he outside of inclination of these frequency data in which aging of the 
1-1 5th above-mentioned frequency data is shown corresponds inclining (S11). 



[0068]Here, before explaining the judging standard shown in drawing 4 , the movement state of the bat 2 
under swing is explained. Drawing 5 is a schematic diagram showing aging of the bat position at the time 
of swing. This figure obtains the bat 2 swung by the batter 3 by photoing it at intervals of 1 / 60 
seconds from the perpendicular direction upper part. A white round head shows the grip part of the bat 
2 among a figure, and a black dot shows the head section of this bat. The point of measurement 0 is a 
point that the head section 2a at the time of the impact of a ball is located, and the above-mentioned 
measuring device 1 is arranged on the X-axis. 

[0069]As shown in drawing 5 , the orbit of the above-mentioned head section 2a draws an approximate 
circle orbit focusing on the batter's 3 body at the beginning of a swing start, and if the position of the 
grip part of the bat 2 comes on a batter's transverse plane, i.e., the Y-axis in a figure, shortly, this grip 
part will be fixed and it will draw an approximate circle orbit focusing on this. And the above-mentioned 
head section 2a passes through a Y-axis top, and this head section performs approximate circle 
movement focusing on the batter's 3 body again after a while. 

[0070]X direction component V x of head speed until the above-mentioned head section 2a passes 
through the above-mentioned point of measurement O serves as a tangential direction of this orbit, and 
a cosine of this head speed V in the angle theta which the direction of X makes, as shown in drawing 5 . 
This X direction component V x serves as the maximum, when the point of measurement 0 is arrived at, 
and it becomes the head speed V itself. 

[0071] Drawing 6 is a graph which shows the relation of the speed (henceforth "the direction speed of 
X") and time which are measured in the direction of X in the time base range at the time of the bat 
swing shown in drawing 5 . While the outside of this graph is for a while from the time of a swing start, 
velocity turbulence has variation, it falls once on the way, and in the back, sinusoidal type is shown 
mostly and it decreases. Even if the feature of this outside performed measurement what times, it was 
almost the same. 

[0072]When it guesses from the graph shown in drawing 6 , in a time base range in the time of a swing 
start. Since two or more other reflective subjects, such as the batter's 3 body and an arm, especially 
such [ the direction speed of X in the grip part of the bat 2 / thing / of the head section 2a / quick 
moreover ] other reflective subjects exist, it is thought that variation will appear in velocity turbulence. 
Although the portion into which speed falls rapidly after a while exists, it is thought that this portion is a 
thing as drawing 5 also showed, when a motion of a grip part stops once. When the batter 3 swings the 
bat 2, since the grip part of this bat moves to a transverse plane from the side of the body at high 
speed, specifically, it is usually thought in the swing operation so far that the direction speed of X of this 
grip part is the quickest. Therefore, when this grip part came to the transverse plane of the body and 
stopped the motion, it is thought that the direction speed of X in a time base range fell temporarily. 
[0073]After falling in this way, speed rises quickly, and after reaching the fastest point, sinusoidal type is 
shown mostly and it decreases. After a grip part stops as mentioned above, as shown in drawing 5 , the 
bat 2 begins to rotate focusing on this grip part, and the direction speed of X of the head section 2a 
increases it shortly. After a while, X direction component V x of this head section 2a becomes quicker 
than the direction speed of X of other reflective subjects in a time base range. Therefore, after falling as 
mentioned above, only the above-mentioned X direction component V x will be measured, and it is 
thought that sinusoidal type with little variation will be obtained in the graph shown in drawing 6 . 
[0074]As mentioned above, as a result of considering the movement state of the bat under swing, the 
fastest point acquired after falling in the graph in drawing 6 is considered to be X direction component 
V x of head speed V in the point of measurement 0 in drawing 5 . This installs a photoelectric sensor in 
the point of measurement 0, and when it measures in parallel to the rate measurement shown in drawing 
6, and the reaction and the fastest point of this photoelectric sensor were the same timing mostly, it is 
checked. Then, by judging to which of judging standard A-F that shows drawing 4 t he outside which the 
inclination to the time of 1 5 frequency data in which the direction speed of X in a time base range is 
shown expresses with the above S1 1 corresponds, It is judged whether the frequency data in the point 
of measurement 0 is contained in the sampled frequency data. 

[0075]In drawing 4 , the outside of the inclination shown in the judging standard A shows the case where 
X direction component V x of the head section 2a has a predetermined upward tendency from the time 
of the 1st Measurement Division of frequency data. That is, when it corresponds to this judging standard 
A, it can be said that the sampled frequency data is a thing since the batter 3 begins to swing the bat 2, 
when that head section 2a has not arrived at the point of measurement O. In this case, in these 



frequency data, the frequency data in the point of measurement O is not contained. Therefore, when 
judged with corresponding to the judging standard A of the above-mentioned S1 1 smell lever. After 
shifting to the above S6 and resetting the above-mentioned data number counter (S6), The 15th 
frequency data incorporated at the end is stored in the above-mentioned memory 35 as the 1st 
frequency data (S3), and incorporation is again started for the new frequency data from the above- 
mentioned frequency measuring instrument 31 as the 2nd frequency data (S4). 

[0076]the outside of the inclination shown in the judging standard B shows the case where it becomes 
to such an extent that it could be regarded as about 1 law, after the above-mentioned X direction 
component V x has a predetermined upward tendency from the time of the 1st Measurement Division of 
frequency data. That is, when it corresponds to this judging standard B, it can be said that the sampled 
frequency data is a thing when the head section 2a arrives at this point of measurement mostly from 
before the point of measurement 0. Therefore, these frequency data is shifted to the following data 
processing step noting that the frequency data in the point of measurement O is contained in the 
sampled frequency data, when judged with corresponding to the judging standard B of the above- 
mentioned S11 smell lever. 

[0077]The outside of the inclination shown in the judging standard C shows the case where the above- 
mentioned X direction component V x has an eternal tendency from the 1st frequency data's 
Measurement Division time. In the case of the frequency data taking-in interval set up by this 
embodiment, and its sampling number, it is hard to consider that there is almost no speed change like 
the above-mentioned judging standard C, and a possibility of this frequency data of being an ultrasonic 
noise rather is higher. Therefore, when judged with corresponding to the judging standard C of the 
above-mentioned S1 1 smell lever. After shifting to the above S6 and resetting the above-mentioned 
data number counter (S6), The 15th frequency data incorporated at the end is stored in the above- 
mentioned memory 35 as the 1 st frequency data (S3), and incorporation is again started for the new 
frequency data from the above-mentioned frequency measuring instrument 31 as the 2nd frequency 
data (S4). 

[0078]The outside of the inclination shown in the judging standard D shows the case where it decreases 
with the inclination below another default value set up beforehand, after the above-mentioned X 
direction component V x increases from the time of the 1st Measurement Division of frequency data with 
the inclination beyond the default value set up beforehand. That is, the case where it has a peak in the 
center portion of the sampled frequency data is shown. When it corresponds to this judging standard D, 
it can be said that the sampled frequency data is a thing when the head section 2a arrives at the point 
of measurement O exactly. Therefore, these frequency data is shifted to the following data processing 
step noting that the frequency data in the point of measurement O is contained in the sampled 
frequency data, when judged with corresponding to the judging standard D of the above-mentioned S1 1 
smell lever. 

[0079]While the above-mentioned X direction component V x is for a while, it hardly changes from the 
time of the 1 st Measurement Division of frequency data, but the outside of the inclination shown in the 
judging standard E shows the case where it has an after that predetermined downward tendency. That 
is, when it corresponds to this judging standard E, it can be said that the sampled frequency data is a 
thing when the head section 2a arrives at the point of measurement 0 and passes. Therefore, these 
frequency data is shifted to the following data processing step noting that the frequency data in the 
point of measurement O is contained in the sampled frequency data, when judged with corresponding to 
the judging standard E of the above-mentioned S1 1 smell lever. 

[0080]The outside of the inclination shown in the judging standard F shows the case where the above- 
mentioned X direction component V x has a predetermined downward tendency from the time of the 1st 
Measurement Division of frequency data. That is, when it corresponds to this judging standard E, it can 
be said that the sampled frequency data is the thing after the head section 2a passes through the point 
of measurement O. In this case, in these frequency data, the frequency data in the point of 
measurement O may not be contained. However, when a data number counter is reset in the above S5 
or S8 repeatedly, while having repeated down stream processing to S1-S10, the frequency data in the 
point of measurement O may be taken unenthusiastically. 

[0081]As it is considered that this frequency data is sampled just behind the point of measurement O to 
have corresponded to this judging standard F without corresponding to old decision-criterion A-E and 
near [ this ] point-of-measurement O shows it to drawing 6 , there is dramatically little velocity 



turbulence of X direction component V x . Therefore, it can be presumed that the frequency data of the 
point of measurement 0 is contained in these frequency data. So, when judged with corresponding to 
the judging standard E of the above-mentioned S11 smell lever, it presumes that the frequency data in 
the point of measurement 0 is contained in the sampled frequency data, and these frequency data is 
shifted to the following data processing step. 

[0082]When judging to which of judging standard A-F mentioned above in the above S1 1 it corresponds, 
in this embodiment, comparison with each judging standards A-F is performed using the sampled 1st 
piece, the 8th piece, and the 1 5th frequency data. It is judged to which of judging standard A-F which 
the frequency data sampled in these S1 1 mentioned above it corresponds, Also besides comparing using 
three frequency data mentioned above, the 14th frequency data may be used with the 2nd piece and the 
8th piece, and it may compare, or may compare using 1, 2 and the average value of the 3rd piece, 7, 8 
and the average value of the 9th piece, and 13, 14 and the average value of the 15th piece, for example. 
It may judge using four suitably selected, five frequency data, or all the frequency data, for example in 
addition to the method of judging to which of each judging standard it corresponding using three 
frequency data in this way. 

[0083]When judging whether it is fixed in whether inclination of the sampled frequency data is increasing 
in these S11, or it is decreasing, it becomes ambiguous to which decision criterion of the judging 
standards A-F it corresponds depending on the case, but. It is necessary to set up appropriately default 
value and a prescribed range it becomes clear the distinguishing. This default value and prescribed range 
are suitably set up according to the speed and other movement characteristics of a measuring object. 
According to this embodiment, it is judged as follows to which judging standard it corresponds. At this 
time, the data applicable to no judging standard performs the same processing as the above-mentioned 
judging standards A and C as NG. 

[0084] 1) the judging standard A — the time of the difference of the speed at which the 15th frequency 
data is larger and it is equivalent to these data rather than the 8th [ at least ] frequency data being not 
less than 2 km/h. According to this embodiment, the relation between the 1 st piece and the 8th piece is 
disregarded. 

2) The 8th frequency data is larger than judging standard B1 piece frequency data, When the difference 
of the speed which the difference of the speed equivalent to these data is 10 or less km/h, and the 15th 
frequency data is larger and is equivalent to these data rather than the 8th frequency data is 2 or less 
km/h. 

3) When the speed difference equivalent to the difference of the judging standard C1 piece 8th 
frequency data is 1 or less km/h and the speed difference which is equivalent to the difference of the 
1 5th frequency data with the 8th piece is 1 or less km/h. 

4) The 8th frequency data is larger than judging standard D1 piece frequency data, When the difference 
of the speed which the difference of the speed equivalent to these data is 10 or less km/h more than 
per km/h, and the 1 5th frequency data is smaller and is equivalent to these data rather than the 8th 
frequency data is 10 or less km/h more than per km/h. 

5) The 8th frequency data is smaller than the judging standard E and F1 piece frequency data, When the 
difference of the speed which the difference of the speed equivalent to these data is 10 or less km/h, 
and the 1 5th frequency data is smaller and is equivalent to these data rather than the 8th frequency 
data is 10 or less km/h. 

[0085]It is not limited for the above-mentioned judging standard to this, and what is necessary is just to 
set up suitably according to the reading-per-second range or a measuring object. 

[0086]Thus, the frequency data applicable to either the judging standard B, D, and E shown in drawing 4 
or F calculates the moving average deviation next (S12). Specifically 1, 2, and the 3rd frequency data 
are added, it divides by 3, then 2, 3, and the 4th frequency data are added, calculation of dividing by 3 is 
performed one by one, and the calculation result is stored in the above-mentioned memory 35. Since 
the noise may be contained in the frequency data even if it is a case where the incorporated frequency 
data is judged to be in a regulation fluctuation range in the above S8, Thus, if a moving average deviation 
is computed, when detecting the maximum by the following S13, the error of the maximum by a noise 
can be reduced. Here, when computing a moving average deviation, three data was used, but a moving 
average deviation may be computed from four or five data. 

[0087]Next, the maximum in these moving average deviations is detected (S13). Since the frequency 
data in which the maximum in the sampled frequency data is shown is a thing of the head section 2a in 
the point of measurement O as mentioned above, By detecting the maximum in the moving average 



deviation calculated by the above S12, the frequency data of the head section 2a in the point of 
measurement O can be specified. 

[0088]As mentioned above, in the above-mentioned data specific part 32, if the frequency data of the 
head section 2a in the point of measurement 0 is specified, the specified frequency data will be 
outputted to the above-mentioned speed operation part 33. In this speed operation part 33, X direction 
component V x in the point of measurement O is calculated based on the computing equation shown in 
several 1 from frequency Fi MAX specified by the above-mentioned data specific part 32, and the 
reference frequency Fo outputted from the reference oscillator 1 1 of the above-mentioned ultrasonic- 
waves-transmission part 10. Since X direction component V x in the point of measurement 0 is the head 
speed V itself at this time, several 1 to this direct head speed V is computable. Here, the sign C in the 
computing equation shown in several 1 shows acoustic velocity. 
[0089] 

[Equation 1]Fi MAX -Fo=2 and V-Fo/(C-V) 

[0090]Since the acoustic velocity C used with the computing equation shown in one above is changed 
according to atmospheric temperature, in order to perform exact rate measurement, it is necessary to 
amend the sonic change by this atmospheric temperature. So, in this embodiment, exact acoustic 
velocity is computed from the computing equation shown in several 2 based on the atmospheric 
temperature measured by the above-mentioned meter 34, and the acoustic velocity C used with a 
computing equation with one above is amended. The sign t in the computing equation shown in several 2 
shows the atmospheric temperature measured by the above-mentioned meter 34. 
[0091] 

[Equation 2]C=331 .5+0.6andt [m/sec] 

[0092]Thus, calculated head speed V is sent to the above-mentioned display for indication 40, and is 
displayed on a user as text. Although this embodiment explained the composition using the displaying 
means which displays head speed V on the display for indication 40, and outputs it as an informing 
means which reports measured head speed V, the voice output means which outputs with a sound head 
speed V measured also besides the ability to come may be used. 

[0093]As mentioned above, according to this embodiment, it can measure correctly, the linear velocity 
of the head section 2a of the bat 2, i.e., the head speed of this bat, which are approximate circle 
movement bodies. Since the measuring device 1 concerning this embodiment limits a sampling number 
to 1 5 pieces and performs data processing in real time, immediately after it carries out bat swing, it can 
display the head speed. By limiting a sampling number in this way, after sampling all data, compared with 
the case where data processing is performed, memory space of the above-mentioned memory 35 can be 
made small, and can attain low-cost-izing of a device, and small-scale-ization. 

[0094][Modification 1] Next, the modification (this modification is hereafter called "modification 1".) of 
the data processing step of the data specific part 32 in this embodiment is explained. In the frequency 
data incorporated into the above-mentioned data specific part 32 in the above S1 or S4, noise 
components other than what is depended on the Doppler signal component from the above-mentioned 
head section 2a are contained. In the data processing step explained by the above-mentioned 
embodiment, It shifts to the above S6 and a data number counter is reset when the frequency data 
based on such a noise component is incorporated noting that there is nothing to specified rate within 
the limits in the above S5, or noting that there is nothing into a regulation fluctuation range in the above 
S8. Therefore, when the sampling number is set as 15 pieces like the above-mentioned embodiment and 
the frequency data incorporated into the 1 1th piece, for example is judged to be a noise component, ten 
frequency data sampled so far will become useless. If a data number counter is reset in the time zone of 
the hit which corresponds to the judging standards E and F especially, the frequency data of the head 
section 2a in the point of measurement O will be taken unenthusiastically, and the accuracy of 
measurement will get worse. 

[0095]So, in this modification, although more than a predetermined number incorporates a noise 
component after incorporating five or more frequency data, for example, it has composition which 
continues data processing without resetting a data number counter. When it is specifically judged that it 
is a noise component after incorporating frequency data up to the 5th piece (for example, the 6th 
frequency data), Without performing data processing of the above S6 and S3, it returns to the above- 
mentioned S4 as it is, and the new frequency data from the above-mentioned frequency measuring 
instrument 31 is again incorporated as the 6th frequency data. 



[0096]Since an absolute value of a difference with frequency data of two pieces ago is computed in the 
above S7, frequency data again incorporated as the 6th frequency data is corrected so that a regulation 
fluctuation range in the above S8 may be temporarily extended to about 2 times. Since it will lead to 
aggravation of the accuracy of measurement if not much many noise components are incorporated, For 
example, it is good to constitute so that a data number counter may be reset and a data processing 
step may be started from the beginning, when a noise counter and a noise flag which count the number 
of times of taking in of this noise component are formed and the number of these noise components 
becomes more than a predetermined number. 

[0097][Modification 2] Next, other modifications (this modification is hereafter called "modification 2".) 
of a data processing step of the data specific part 32 in this embodiment are explained. This 
modification cancels fault generated by incorporating a noise component in the middle of a data 
processing step, and redoing data processing like the above-mentioned modification 1 . Constituted from 
the above-mentioned modification 1 so that it might ignore without storing a noise component in the 
above-mentioned memory 35, the following new frequency data might be incorporated and data 
processing might be continued, but. In this modification, average value of two frequency data 
incorporated before and behind a noise component is calculated, and this average value is stored in a 
place where this noise component should be stored. Thus, by complementing a portion from which a 
noise component was incorporated, frequency data which continues at intervals of isochronous mostly 
can be sampled, and data which met reality more compared with the above-mentioned modification 1 
can be complemented. 

[0098][Modification 3] Next, a modification of further others of a data processing step of the data 
specific part 32 in this embodiment (this modification is hereafter called "modification 3".) is explained. 
Since an embodiment and the modifications 1 and 2 which were mentioned above are the composition of 
performing data processing in real time, they perform data processing from S3 to S1 1 to each frequency 
data incorporated during bat swing. A mass memory is used as a memory measure which stores 
frequency data, and it constitutes from this modification so that all the frequency data may once be 
incorporated and it may store in this memory. In this case, after incorporating all frequency data, a data 
processing step mentioned above by the above-mentioned data specific part 32 using frequency data 
stored in this memory is started. 

[0099][Modification 4] Next, a modification (this modification is hereafter called "modification 4".) of the 
signal selection section 28 in this embodiment is explained. In an embodiment and the modifications 1, 2, 
and 3 which were mentioned above, When two or more detecting signals Sf are simultaneously outputted 
from the above-mentioned signal detector group 27, it comprises the above-mentioned signal selection 
section 28 so that a thing corresponding to the head section 2a may be extracted out of a Doppler 
signal component which received waves, as a detecting signal with the highest frequency is chosen. 
However, when only one zone signal Se with a signal level exceeding a threshold which can detect a 
signal detector of the above-mentioned signal detector group 27 does not exist, only one detecting 
signal is outputted from this signal detector group. In this case, the above-mentioned signal selection 
section 28 will extract the zone signal Sf corresponding to this detecting signal as a thing corresponding 
to the head section 2a. For this reason, Doppler signal components other than head section 2a may be 
extracted. 

[0100]Thus, when Doppler signal components other than head section 2a are extracted, as shown in 
drawing 6 , a change with the passage of time is large [ the direction speed of X by the frequency data ]. 
For this reason, it is judged that a regulation fluctuation range is exceeded by S8 in a data processing 
step of the above-mentioned data specific part 32, and a measurement result is hardly affected. 
However, very rarely, frequency data based on the batter's 3 body is settled in a regulation fluctuation 
range in the above S8, and it may judge that it meets a judging standard in the above S1 1. In such a 
case, in a measuring device of an embodiment and the modifications 1, 2, and 3 which were mentioned 
above, before sampling frequency data in the point of measurement O, movement speed of this batter's 
body will be calculated as head speed, and rate measurement will be ended. 

[0101]Then, in this modification, only the detecting signal Sf from the highest signal detector [ in / for 
the above-mentioned signal selection section 28 / the above-mentioned signal detector group 27 ] for 
the frequency bands HH is received, Only when this detecting signal is received, the above-mentioned 
output change machine 29 is controlled, and it constitutes so that the above-mentioned signal 
processing part 30 may be made to output the zone signal Sh corresponding to this detecting signal. 
Since the frequency band of a Doppler signal component from the batter's 3 body etc. which were 
mentioned above is low compared with the head section 2a, such most Doppler signal components are 



detected by signal detector for frequency bands other than the above-mentioned frequency band HH. 
Therefore, in this modification, in the above-mentioned signal selection section 28, Doppler signal 
components other than such head section 2a can be removed from rate measurement, and it becomes 
possible to prevent incorrect measurement. 

[0102]Composition of those other than the above-mentioned data specific part 32 of a measuring device 
of an embodiment and the modifications 1, 2, and 3 which were mentioned above is almost the same as 
that of the conventional rate measurement device which measures a ball etc. which carry out an 
abbreviated straight-line motion in the above-mentioned X direction. Computing units, such as CPU 
which performs operation of the above-mentioned signal selection section part 28 and the speed 
operation part 33 which were provided in the conventional rate measurement device, can perform data 
processing operation of this data specific part 32. That is, if an algorithm which operates this computing 
unit realizes the above-mentioned data processing step, structure of the existing rate measurement 
device will be used as it is, and it will become possible only by changing that algorithm to measure linear 
velocity of an approximate circle movement body. 

[0103]It also becomes possible to provide a measuring device this has a measuring device and a 
function which measures speed of a pitched ball of a ball, and a function which measures head speed of 
a bat, for example. In this case, a means for switching which switches measuring mode to this measuring 
device is established, For the above-mentioned computing unit to perform a data processing step of the 
above-mentioned data specific part 32, when measuring head speed, and when measuring speed of a 
pitched ball of a ball, what is necessary is just made to perform a data processing step in which this 
computing unit measures speed of a pitched ball of the conventional ball. 

[01 04] Although composition which carries out velocity operation using frequency of a Doppler signal 
component which received a Doppler shift in an ultrasonic wave which received waves in an embodiment 
and the modifications 1, 2, 3, and 4 which were mentioned above was explained, If velocity operation of a 
measuring object can be performed using the Doppler effect of a reflected wave which received a 
Doppler shift, this invention, For example, it is good after the above-mentioned notch filter 25 also as 
composition which added a mixer as a mixer which mixes a Doppler signal component of the frequency 
Fi and a reference signal of the reference frequency Fo which were outputted from this notch filter. In 
this case, since not a Doppler signal component but a differential signal ingredient with the difference 
frequency Fd (Fd=Fi-Fo) obtained by the above-mentioned mixer will be inputted into the above- 
mentioned filter group 26, corresponding to this, each part will be set up suitably. At this time, it 
constitutes from the above-mentioned speed operation part 33 so that velocity operation may be 
carried out based on a computing equation produced by substituting Fd=Fi-Fo for a computing equation 
shown in several 1 . 

[0105]It changes into the filter group 26 in an embodiment and the modifications 1, 2, 3, and 4 which 
were mentioned above, the signal detector group 27, the signal selection section 28, the output change 
machine 29, the frequency measuring instrument 31, the data specific part 32, and the speed operation 
part 33, It may constitute from an A/D converter which changes an analog signal into a digital signal, 
and a digital-signal-processing means to have a function of these each part. DSP, a highly efficient 
microcomputer, etc. may be used as this digital-signal-processing means. A function given to the 
above-mentioned digital-signal-processing means, What is necessary is just to choose the range 
suitably according to throughput of this digital-signal-processing means instead of what is limited to a 
function of the filter group 26 mentioned above, the signal detector group 27, the signal selection 
section 28, the output change machine 29, the frequency measuring instrument 31, the data specific 
part 32, and the speed operation part 33. 

[0106]Although composition which used an ultrasonic wave as a wave used for measurement of head 
speed in an embodiment and the modifications 1, 2, 3, and 4 which were mentioned above was explained, 
If this invention can be reflected in a measuring object and velocity operation can be carried out using 
the Doppler effect at that time, it is also possible to use an electric wave and a coherent light, for 
example. 

[0107]voice applied to a measuring device which measures head speed of a bat in an embodiment and 
the modifications 1, 2, 3, and 4 which were mentioned above — it needs, although it ******(ed) just, For 
example, this invention can also measure head speed of a golf club, and revolving speed at the time of a 
throw of the discus throw or the hammer throw, if it exercises at an approximate circle movement body 
which draws an approximate circle orbit and exercises, especially a speed different each time. 
[0108] 

[Effect of the Invention]According to the invention of Claims 1-10, in order to perform linear velocity 



measurement using a wave, there is an outstanding effect that the linear velocity measuring method of 
the approximate circle movement body which can be measured from the position which is separated 
from the approximate circle movement body which is a measuring object from before can be provided. 
Since the Doppler signal component by the approximate circle movement body in the point of 
measurement can be specified out of the Doppler signal component which received waves, there is an 
outstanding effect that the linear velocity in the point of measurement can be measured in high 
accuracy. 

[0109]In particular, according to the invention of Claim 2, since influence by the wave and other noises 
which transmitted waves towards the measuring object can be lessened, there is an outstanding effect 
that linear velocity measurement can be performed in higher accuracy. 

[01 10]According to the invention of Claims 3-8, a sampling number becomes possible [ specifying the 
specific sampling value in the point of measurement at least ], the storage capacity of the memory 
measure which memorizes sampling data is stopped small, and there is an outstanding effect that 
miniaturization of a device and small-scale-ization can be attained. 

[01 1 1]According to the invention of Claim 4, the sampling data based on a noise etc. are removed and 
there is an outstanding effect that the factor of erroneous measurement can be reduced. 
[01 12]According to Claim 5 and the invention of 6 and 8, the frequency where linear velocity 
measurement is set to NG can be made low, and there is an outstanding effect that the stability of 
linear velocity measurement can be improved. 

[01 13]According to the invention of Claim 9, since the error of measurement by this noise can be 

suppressed minor even if it is a case where the noise is contained in sampling data, there is an 

outstanding effect that linear velocity measurement can be performed in higher accuracy. 

[01 14]According to the invention of Claim 10, since rate measurement can be performed without 

receiving influence in sunlight, there is an outstanding effect that the linear velocity measuring method 

of the approximate circle movement body in which measurement on the outdoors is possible can be 

provided. 

[01 15]According to the invention of Claims 11-14, in order to perform linear velocity measurement using 
a wave, there is an outstanding effect that the linear velocity measuring device of the approximate circle 
movement body which can be measured from the position which is separated from the approximate 
circle movement body which is a measuring object from before can be provided. Since the Doppler signal 
component by the approximate circle movement body in the point of measurement can be specified out 
of the Doppler signal component which received waves, there is an outstanding effect that the linear 
velocity in the point of measurement can be measured in high accuracy. 

[01 16]In particular, according to the invention of Claim 12, since influence by the wave and other noises 
which transmitted waves towards the measuring object can be lessened, there is an outstanding effect 
that linear velocity measurement can be performed in higher accuracy. 

[01 1 7]According to the invention of Claim 13, there is an outstanding effect that linear velocity 
measurement can be performed with the effect of the linear velocity measuring method of Claims 3, 4, 5 
and 6, 7, or 8 mentioned above. 

[01 18]According to the invention of Claim 14, since the error of measurement by this noise can be 
suppressed minor even if it is a case where the noise is contained in sampling data, there is an 
outstanding effect that linear velocity measurement can be performed in higher accuracy. 
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W AT-OMS^^k ^r-S. <! <o U r;U^ A AXtmt 

-fi^^Sr^T^yr'jy^Lfcf^^yf-^atfi 
a *ffitcifc^T . yr u *mt$hwm- 

S<^BIBS**'hS < W & £ k arareg k * S . 4 . 

^vi-umxijoijmxn. $ssjmmmi^K>z 
[ o o 1 9 ] bz\hx\ mn, *fy7V vy&frtvr 
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[0 0 20] II*II4T14. iWia^Z-fX 

3sfc i >TV >7t-? ItmWth X 0 fc IX 

Hft^fclT^fctSiSKSSfli (JUT. rgf^^E 
ffifflj fcV>5. ) KfflS-tSkSfcli. f£-9->7lly?" 

r- ?(D*izm$%y-yr y yrm^s ttix^^t 
iBfiasfeoms^hs^iisfflrt^tSj kM\ ss£*f 

[00 2 U i^waueassffittJ^Ttt, bbewp 
yjxmmzi. wmmatmtts - k 

4. 

[00 22]it. ±$Uctf*if 3«fMM£*& 

■cut, £xwyyy y^T—^^oh^—^^yT 

y y^r-^rttW^^T* 'J f*W£4:hXV*Sj&» 
^>£¥'J5rtl>. U»U -LIEWe^oT rtf#£-?y 

^fiJS&fi^TV^P^ ■fflrfc'fc, -toUaBWfyr 
y y^'fc 2 msco-vy? y y?"k<DRgi;*> <t -3 ifWJ&fr 
yry y/im tT L4 WHrJ&tf-^ry 
y^fifc-fryry y^UMfeT L4 a i 

[ 0 0 2 3 3 *;T. if*«5 aV6Tli, ±IE#S-9- 

yry y^ffiffifico^yry vr?—? iftffi-c* s J: 

x(i4c7)B&na»*^n^JSti£^a^i3^T, ±ia^ 
yru y?T- ?<DM»ogf^b^ iifEiJSft* 

y y^'T-^^^^IMt^yry y^fctf^ifiTu 

Sk^J^S£k£#8fc-t*itf>"C*5. .KDiUSJK 

a^rffifcfetts fjsg*r*k tzhiryy y y^-f- * 

[0 0 24] *fc. ||*Ja6tf>#Wi. 11*113. 4X 

(s 5 ^»&Ra»*«oiS8aKffl£*t£ti5 v it , m^y 



yy^-fvwzmzfcfyTV yym^ttix^h 
sESSfcfe ft & W£*f * fc * 4 v y t y y ?'r- * li . 

[0025] ±iai8#E5waa«iffl£^fcfcvvc 

^S^yr y yyimwmizfoi-yyTV y^-^k 
mttkztwx'*h. ttz. ±iBii*JS6coiiMaj 

ttMtti&t h m^f yTvy?WMMzhh*ryT 
yyfr'-fmintzzttfxzi. -tx\ mm 
m5m 6 iz^xm^tih-vyrv yf^-Jff 
_h^L^is*ii4 \zw,% ix it ztiwyTV y 

7=r-9WJ4 XWtmZtlX tid(DX\ IfSif 5 

&V6<m&Bffl&imx'ii* is i mimafw,4mi 

[ 0 0 2 6 ] 4fc, ±IE!f*il525.t/'6c7)Hi»KiJ^ 

at-fysstii.^-fyr y y7mm.myTV y? 
t . R#s-fyr y y i^BiWfcWifc-t^T" 'J 
a, ^co^s^yryy^r-^?:»LT^i). -r 

**>t>. ilW&H7«»^tt. »*«3. 4, 5RV6CD 

tmmftmmM&jmizts v . ±ie-9-v r y y 
^ r - 9 <nmmKrm®mfi . mmmwkmM. 

Tit&irrSiaLSSft (JJIT. r F^^iiMMj kV^ 
3. ) CffiS-t-i)k#t(i;. Ktf-xryy/r-**)* 
iz±MmfevyT y y /ffi 4 v vsr v * k ¥iJ£-r & 
ik^itaktstw-c**. 
[0027] ^mmm^mxn. stms^ftsp 
fSr&] * fc ^-9- y r y y /r- ^ & ±lE^-t v t y y ^ - 
ffiJ; 0 fcfrweraWtKiifct^k^JBf i^i o=0r 

[0028] ifc. ^g-f-yr y y^fii o *>ft*«w 
y r y y ^ r- ^ t> fc s . t *» L . 

±IBIf *il 5 Al^ 6 LT*SS&* 

yry ^iftjsw^'j y?=r—9 -kmcth i a 
i-LTi. ^(4 y -9-y r y vyf-t tv-yrv y? t 

fcft£tMS££<»6.rk#-C'#&v\ 
[0029] 11*118X14. ftfe^yTV 

mx y fcftwyry xh^x taajf s 4 
iatLT^i. -t*^, If*ii8c7)^(4. ii*ii 
3. 4. 5. sx&i mnmimmmmizimi.z 
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[00 30] ;o«au«!l5e*ftt*JV^tt, F/r£«M 

u yy^f-nm^r yrv y?m^bt mtvtzh 
coxn^t^i t>ti. Lfri>m§&r>7v y?m 

y-yrv y?T~9*£&fc*yrv y-7'm^ttix 
\^>tm.Lx%>* mm*'!?* < ffl^ * - 1 &v s 

[00 3 1 ] If*3l9^0fl{i. K 2 , 3 , 

4. 5, 6. 7x&8mpiffltommm&]&£ 
fcur , ±gfry7V t>±MB8&ry 

^t^mmmzmmmm^^m^imm 

[00 32] £<08B£g5l£:^fcfc^Tli. "t^^'J 

y/Lfc f v77-*mmmyy) y?r-? 
w-mmmtx . %cmm^m^frhm±n.^z 

[0033] ±Ms&2<7)m*&ttf-tt#>£; tmm 

M«fll. 2, 3. 4, 5. 6, 7, 8 

xii 9 mmmftmmmuj&fMz&K ^x , mm 
tlx. mm. iix)±3t-i/yb^^^^; 
tmmt~f&t><7)X'fo&. 
[0034] zcoM.mmmmij : mz&^xte, 
Mfcxii 3 1 - v y h mm ixmm&fct&o 
x\ femmrtvmmwfeuwcDX a \,z±m,mm 

[0035] .hiam i nmzmm-htzMz, mim. 
i mim*. m^mmk^m^m^zm^x^.^ 
titzmmjmmmzmxmm-hmm^mt , mm 

CD b' 7 7°7-fi^^t*^V^TiaS*f^^ffi^ 

^ k -x y y^-ra-fyry y^ 



aico h >y r 7 Hl^j£#*>tf yrvy ?r - * 
hWcmmmmhmm.ith'M'myrv y?®. 
ztffetz>T-fiftM*®b zm* m&ryrv y 
rmz&3\ ^xmrnrnm^mz x o mmmmm 

[0036] BgRl«)-Cfli)-ri>}IS^M^^flii±^ 

m^mtowmmm&nm xh s aseans* fa t 
ma.*w&ja£to n h mmwh^mi:^ mm. itz 

MLxm^mzmsLtzi^zit. m^zmiR 

[ o o 3 7 j wt. 1 2 wfKBii. mm 1 1 <o 

y^m. immnmwb rmmsmmm 
hmm^ to h vTy-mmcDfrzy-yrv y? 

t&Zbm®btZ>i>cDXfo&. 

[0038] z(Mmmgi%$m£wxi±. mm%. 
m-t y)n^M^m^fmtx^commmmh(D 
taizy-yy u yy-r t cox . jAX\z£h 

<thZbi?X°%h« 

[ 0 0 3 9 ] iit , ft*3S 1 3^lli, 11*11 1 1 X 

{±i 2<mmmmnmmimmz^x. mf 
-?miz$w$. iMz-yyrv y7T-?<7)^frhm. 
mmyy y yymmzti t & it*ii3 , 4 . 

■tz>ztmwitthi>c7)xhz. 
[0040] zcDmmmmjggwiz&^xiz. v-yrv 
yf^mzXixy-yrv yritz^yrv y?T-? 
ntpirhftfrtyr u yr&tftfet s r- ^^s^a 

*\ff*Il3. 4. 5. 6. 7XJ±8W«3E«SS£^ 

commm^mi'thcDx. y-yrv y^T-fiSt* 

[ 0 04 1 ] ifc, 11*111 lf*ili i s 

i 2Xiii 3co^mmm^msMMmmi / zi5^x. 
tmm^Mm^^±'mmzmmim& 
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[0042] i^UBMEMS^BIttJV^Ii, IfyrU 

^t-mmn ix . ^wfiww** 1 &**ai£fc 

Vt> X fc . R7 >f Xfc 4 £ asiSmHtrSffit^fpi 6 £ 
ktfX'Zh. 
[0043] 

\ tkvmm-t i ^nwrnm-fo h * 7 ^ ^hsjs-t & 

fc'fcBP'W htfWy K»JS£iE0I£^-l>^7 H«$I5e^ 

tut^ fit. ;«a'.> h*^HfitL-r#JtRit 
[ o o 4 4 ] t-t . ^mmmmmm^mmzx ->x 

tt, ^'7 h?)7W y/*H*'-;WM W>7 bi-&&W 
t%h1bT$-)V<r)mrl5Hzn LX^y h j&Mfcfci 

[004 5] HI {4. ttSffl5gi^7^ 
<OWM«SE8rr*4. ZcvMfeisX-r^XU, ±IEffl£ 
ilX 1 14, A-, ? - 3 W)Sl:4^ X* vb2*x4y 

- 3 h 2 y^Ltz 2 
a(40 1 ^^EPA^-rfiii^^TB&RliiiiSrffi 
wc^iWS. ffl. OTW1MT14, ±fB$l£i£Bli: 

[ 0 0 4 6 ] v JJESKESSE 1 wmf&£^Xffl9l 
•t&. 02(4, #SI3l^!Bfcffi*>ffl^Hl£^7"cr 

>y ? ht-s> & . - wsjsssh i f4 . mk^ fst ttxcom 
mtmm iot. *§m%.k vx<mw®gm 2 0 

k , ft WISE 3 0 , fg^Si: LT<0^SU4 0 k 

[ o o 4 7 ] a -f . ±ia@wss2S?ftis 1 o ofl&£3Wi& 
2 ^ -y ks5# 2 a leisure aiarr s » z 

mi 014, BfSS«a»Fo<7)^6fi^564$*6fcft 
Wffllfglg^l It. SaB|6^S:J5rS^H=*t« 

©t£ aj*«H3s 1 2k. utiiiimmxymztim 
%<r*&m*mtt&mthmmsffl!i i3k* 



ffilX^h. 

[ o o 4 8 ] <wc, ±fBSff«s«» 2 o wfli^avsi 

ftfcoi SWIft £ . £ <0j@W*38fcl» 2 0 (4, ±fBi@ 
ttt&ftgff 1 0*»feiS*SiifeJH«SW t JJB'^-y b 2 fc 

IBiSWJSQMaaB 1 0 ^ WBjS»aiif»±!ft**»fe«0 H 
-y7^->-7h^tTV^^MI«&^*-ri>yv^ 
7 a )V? 2 5 fc s !I7 -y f-7 )V9iW-&Ltz K 7 7°7 

Ht^is^i: ^hmsmmzx^x^ V >y7°7- 
imm^mmmzM^-tt 7 ^ ;^S2 6 1 , u? 

■h.mm,-thm^mm27k. m^mmcomm 

^•^®^l>fi-fjiKg|528i:. IlflW^^il^ 

[0049] ±iB@w»s»»2 1 -cg&ztvM&m 
temm^zimztitzm, mmmm2 2\,zz~> 

TiMfS$nt±IB7-y^7 A!V9 2 5\,zX^fih. Z 
C7)7 >y^-7 -f )V9 2 5 ted: , ifSSW&ji^ 1 0 

mmm.F o<Dii^^miKmzwm^. rmco® 

[0 0 50] £W/«/?-7 4^*2 514, <-<0«ag||WI 

«4"i:^^W*^i!cF o ta^iiTv^. ; 

«t o . ±eew«msi5 1 o frt>m%imuz%i.^ 
m^mmm^x , gj* u^sw^o^^ ^±ia^ < 7 

h 2 *^^^=5rRlt^&^*4 < ttaj-rs £ 1 3^T# 
JilS7 7^-7 4;k^2 5i:bTtt. Witf. n-yN° 

X7 4)V9X.W^rtX7 4)V9<MH v\-*-7matt& 

mmm iztt-tmmm± . m^mmzn\ ^xm% 

[00 5 1 ] ±IE7 4^^l¥2 6{4. ±i^N*«yh2*»fe 
OKStjftt i: •) t# S JH^iC^ 

tt* 5 ofciMW LT^# feixfc 5 o^aSRSiS ( H h , 

HL, M, LH, LL) W»*-?-it-eh4iia$^S5ffl 
c7)AyH7N"X7 (BPFl, BPF2, BPF 

3. BPF4, BPF5) 3&»feaiJSS*lTV»4. JJE^ 
7 f - 7 4 ;l/ ^ 2 5 36* 6 £H7J $ tlX 5 O t^MS $ ftfc H 7 
T5-^#JS4Hi, ±Sl&rtvY*xyAfW (bpf 

1, BPF2, BPF3, BPF4, BPF5) iZ^fl 
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WUjSti4 0 tlx. ^vv^y oitznik 

Ltz^fl^n.mWm^Se ( S e HH~S e L L) 

4, ±tE7 < >ism2 6i,zmt>tih^y} i ^y 

<)V9<?)Wm±. 5fflWS££;il4i?ref2ft<. us 

3i^feH^s*$ ti&mmmzm tx mmzzix 

[0 0 5 2] ±.ti? J Jl<?M26l / zmfti-Z>&^yF^ 
7,7^1/? (BPFl, BPF2, BPF3, BPF 

4 , b p f 5 ) tis mm. iMs&m^nm&F o 

£32. 768kHzl:U iBJEMJSiEBlSr 5 0-18 
Okm/ht Lfc*£fctt. F 7 7j-mn$&tf t o 

#4Ji«f$(2. 3 5. 5k-4 3. 9kHzk&4 
(7)X\ ±317 J )l-?%$2 6cr>&<>Y^7 J )13> (B 
PF1, BPF2, BPF3, BPF4, BPF5)C5 
^mmiZZtl^tllb- 3kHz, 38. OkH 
z s 39. 7kHz. 4 1. 4kHz, 43. 1kHz 

fct&je i , aii^tssr i . 7kHz ^iss-r & o 

[00 53] _hfE7 ^ 2 6 £]E» Lfc^ElSfl-t 
Seti±IE^i#«iai»ffif2 7t:A*3iiS. -^ft^ 
lUVffi 2 7 li> ±IS7 4 A* S 2 6 fcRfr? Mlfe^ > F 

[0 0 54] ±IE7-f ;^»2 6*jiBfiLfc«€ 
«fl|^SeJiJJBlll*flWl»2 9fcfcA*StL4. d^) 
ttitJflM 2 9 14 . ±fBff«fll?l5 2 8 <7)Fiii»TT\ 
A7J $ fltz^mm^ SeCDd-hCDl -OCDim S h £ UB 

mwisBotajtr^. 

[00 5 5] ±fEffiW^ 2 8(4. ±fEfi#8taj*8!¥ 
^TtoWmtWRL. ±IBaj*flBftS2 9*MffliL 

iEfiwigP3owu^s-fr4o -t**)*, z\<nmwm 

WM2 8fcL ±fEi&&iftgiftt§2 1 Hi oTSiftLfc® 

[0 0 56] i<?)J:a^K-y7°5— ll^J*4^)+3&»fefk 
fcSv^«»Sa*?-r4^i. ±iE@fFift£8S82 IT- 

gas *is j@t»*> f -y -m-*M##£-f it^7 

h2c7)^-y h*^fr2aj&^coi<OT&4k{4PI£&vv&> 
£>T*S. iftW«JW-4k, F 77"7-y7 F£35 

Xfotlti. ilEiSWiRSSS 2 1 Tgtfc LfciEfffttf) F 
>y 7*5 HI-f-flWNi 1 oTifc 4 fc# i. 4 £ fc #T§ 4 . 



T* 4^ -y F» 2 a 4 £ k fit JiiMj&T 
*4. JJBiH«««»«21fcU^'yF»» 

2afrt><7)mm£Miz, mt&* ^vkowwmh* 

ff»g*«2 1 £5lift£tl4EI*}ftf4#EIW»:J: 
->T-e*Vfftfi&4 F -y7°^-^7 F *gtfT^4. M 
oT, ±SEJBf*Stt»2 1 W4Jf »0JI&4»0 
RWtttfSSSft* £ k C=5r 9 . f <0g^fi^ti^8aR 
cOM^r 4 S^co F 7 7° 7 -fi^-J^^^a^ W: w fc & 
4. iWfe*. A'.yh2^-yK3lJS&IE5l«I£1-4 

[0057] UpU }iS^*ftt-$>4^>y Hg|5^2 a 
A--y^-3^##:^^C«RSil)t4^t-\ *^ 
iB^BfciJ (t4iiStEfflrt iSfcfiE 1 4 Eiwm^^^T 
ftt^JS»^k#i^4„ fct, 
2 afci4 F •y7°7-fI^Jj!t^(i. %mtiK F >y7°5 
-ft^-)t^^+T"^tKV«i![S:t>o l rk^4o i 

*t>ot<D^»S?-mtf. ±IE^-y FgP^-2 afrhCOK 
%mz2& < F >y 7°7 -ft-tJ^^ Sr#4 r k 4 . 
f^t. ±IB7 ^;k^l¥2 6, ±ISff 

#^tlilsl¥ 2 7 &tf±i B^i-tjSWIB 2 8 1 ffl^t F -y 7° 

mix^&> 

[ 0 0 5 8 ] ±IBftWlS153 0«a« 
H0l^TlM-t4 0 iWfiWIgl53 0t±. ±fBS^ift 
gjftg|52 0Wffi*flBH»2 Qfr&aftWfcitiflSiliflF 

jgfi^shwjgagsF i &itii-f-4JiwtiiJH3 1 

k , I^iftlltiiHTttiJ § ixfe JS?ft»T - 

^•y W2 aOfi^±^fc(t4iJ^^&iCT-^ 
Sr#£t4r-^#^ak l/t«Or-*ft£S53 2 

k . tlx- mm&vftfcz tiKKmrr- ? tas^v ^ 
k , %&z£&wm%mmiEthtzMz%&mmt 
[0059] ±iBffi*«^2 9*^aj^§nfcflfj«m 

tShli, ±IB^ift»tt«KS3 KcioT^^PiT 
±fBT-^sa53 2t:aj*t4. i 
itftil8§ii4Ja«3»F i(±, Hi 
ft 4 F -y 7°y- *s 7 F tSSJtfc t ^TS> 4 . 
[ 0 0 6 0 ] JiTF, *5MB<0#ISaMJ-f *4r-^#S 
g|53 2cOT r -^^I«)ff^^TlM-f-4» H3(i. ± 
IBT-^^fSSP3 2c 7 )T-^»I»^Sr^-r7P-^-A' 
-Fffe4. X-f y^^-yFgP^ 

2 aco h- -y ?>5-mm<m w^f-^tnm^h 

v 7t- 9 *w®m&&\ ^x Wj&rv? u >mx- 
i>im&k<?>ffl&LT- ^ zft%t& . r i wis it > 
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7'jywi 5Wfflfe£.^xffitt&&. cm 
mm&M%tL&. ft, ±iar-^ ! ttsgi53 2Wi. 
v - * m v y 9 —mn htix is o . Rr - * a* 

[00 6 1 ] ±iET-*flf£S3 2t(i. 4# . ±fEiH 

«t«3 1 1 i -sTfraiswt i fia^Mr- 

^JROSa (Sl). RffltHRr-^3&»W>»seSix 

^S-iplBrrs (S2) . ^fl^fctJttSSJSSSiE 

^5 0~18 0km/ht*4ffl«aR«iBt»3eS*LT 
vv&. iftfi. KOi^«fffliHkT-^^5 0km/h 
J: «3 *>/h3^aLKfc*Wt4 k0>t*S*&£«:SJaift 

4 fc # *. Ml . it, A 7 h^7F SlJf SlIJtTJi 
18 0k m/h J: 0 V^tf>i«tt#ffiVtf:*\ 

[0062] ±MS2i i za^xmmiT~9-hm&Mm 

t — 9% 1 Ha^lf fc tT^^e U 3 5 fcf&W 

ts ( s 3 ) . ±ian^T-^*«ajeffiH 

ft w t Wti&v ^ T4K § . ±f BJiMftft 
«3 l*^^fTtV«i(f-^SrSV'HSS^^ 
ftr-^fcLtlROa^SrMi&tS (SI) . 
[00 6 3] ±KS3£fcvvclffl@<OJSS3Sf f -*£ 
t U ttSW Lfc £> . ±f BlMtlJtl 3 1 S> tf)*r t 
V ^*»t - 2j@g «H«8Sr - ? 1 1 TJX 0 &^ 

( s 4 ) . jjes 2 1 mtmrnkT-fwimim 
*> i: & . jr o 2 j@ a mmr- 9 tmmmm 

m\H(Di> <Ot£ri * t MIt$ ft£*§^=«±f Br- * 
^y?-£D-t7 ht£ (S6) . *LT. £<92fflg 
<3fflttftr-** 1 fflBtf)Eift»T-* i: LTJJE** 
U 3 5 tfSttU (S3). ±fBJliMttf§§3 1 

§t Lv^saar-^*siA2fliB«jgiftaT-^ t ix 
m&Mwm-h (S4> . 

[00 64] ±IES5KfcVVt2fflBWjgifHRT--*# t 

scorn «r-? wiwaMi&iai t ( s 7 ) . ; 
nmhhcoxh^m^mm-th (ss) . *nffi 
c^iams «toT s»k# 5 k m / h t % h mmn 

KBfctSS&StiT^S. icOJi^iEllli. *M0rtv 
y?*?ilV7X4 ymmM'r-flzm^XM 
MX'fohtZtitzimxfoh , itUi. fUJEr-^W 
5£gtf3 2C0iSl^iiCT-^ffi3 ! r» i 3 60/isecT» 



0. i^«:5km/hia±^M^lJ#'&l>kcO 

^2 a^anasta-r sa-cti. flu^MiWftf^J: 

0 xmmtT- 9 mm&fck & y t s 

ifdaigfc*ff& LfcESRr-^fcfc^yr y y?'t£ 

c<mMz^x\$\m$h > 
[ 0 0 6 5 ] ±ifis 8 \z&\^x±m^mmigmm 
m^z^tmrn^titzi^zii. ±ias 6 lt 

JJEr-^a*'?^^-* 'J -fe >y h Lfcft ( S 6 ) , _t 

E2fflB^agsT-^& nHs<o^aa»T-^i: tT 

±E^* U 3 5 L ( S3 ) „ ±ISJ1^MW3 

1 «o»r u ^»»f- 9 mi/ 2 m a <9 JHift»T- 
^fcUTWoaAtMifrt* (S4) . 

[0066] ±15 S 8fc*SVvt Jrjaft*f«#SSE 

fryyt-zimmmti (S9) . ^lt, r^r- 
^a^-^y^-^ssffitaiLfc^^wsrr* ( s 
io)„ Ji^T-^^yryy^' 

ft#l 5fflT*4fcft, icOS£€{±l 5tS£3fLT 

v ^ . i i Ttt » 4 2 is a «s«f- 9 \Jtrn. o a 

^'V^V^ft, ±IBS 1 0t*J^Tr-^SR* , 7^ 

^asfifca i x v ^ m . - 

SV±te S 3 fcM -s T c w 2 f@ a <7)JS»t- ^ Sr 
±IB**y 3 (S3). ±IEJH&iCltiI§l3 

1 frbetffi I V ^ffl jftScr - 9 Z 3 ffl B Wffljftftr - ^ t 
LTK0a»*BIBkW4 (S4) . J2tt*. ±IB7*-^» 
^-*«£«taLfc t mfctii t r±lBs i 

[0067] rcoj: 3 assets i sffl^waafcr- 
9*y-yTV yfixims ioi,zt$^XT-9m%*7 
y9-tfM , Simmuztmmtitzt>. ±ibi~i 5 
ffl a cdji»t- ^ oomnmt^<t ztit> wm.T~ 
9<n<mmm\ H4t*^f *Rgs*ifcW5aeis 

^iftLfc^itS^^S^Sfra ( s 1 1 > . 
[ 0 0 6 8 ] ^ it. 04 H^tW£»^V vtltfBJi 
tSMt. y/tf «A*.y h 2 coaSMEBfcovvcil 

BJtl>. 05{±. X>f ymtt5lt6A*.y hfiB«gB# 

TX^f yy^titz^v V 2 &IM^±^*^ 1/6 0 

mmxim ixntz t «o t * s . @* , a ^ n 

i^t. £tz. Mfetioiitf-jico-i y^9 mco^v 

vm 2 a mstztix-h 0 . ±iEa^s 1 i±x« 

[006 9] H5t*i-idfc, i^7FM2a« 

ttB&RSJlii*®^ . Ay h 2ct)^"U -yrgp^ffiE^' 
A'-y ^-C7)iEBt^^*>ll^ Y«±tc*fc t . ^JS(il^ 
'J -y $ fix C ivk *fc\zl$mm:tt 
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<. % LT. Jifa^F^2a#Y«±£iffiILTL 

[00 70] JilE^-y b*»»2 aj&*±|B«5&SiOS3Bi 
KaLKtf)X;fr|6lJ£#V x «, H5t^- 

iot, iSiiil^^ll^rfe] k x^o^-t^ <9 t*s fts 
g^«y Haosv^at^s. ^X^fififcfrV 
x teM££0 «i bfc k # fcfbfci: * 0 . ^ v 

[00 7 1] H6t±. HStSsrt^-yb^y^te 

utt> < «±$^»^y*#& o . i k 
{3{3nESi«e*^tT«iH-i.. ft. z 

[ o o 7 2 ] is 6 73&»fejBi-r6 1 . 

«gWffi^It*M. #t^-y h 2W^U <y7» 

m S Jfch £ -> k S i <DT& ■£> k # x 6 n 
fflS. S^W bW^U v7fl^#K*>M2ra»& 

X'teico? y ras#<ox;fr isjaM&wa tav ^ k #*. ^ 

;c0^"U-yrgR^ s ##:c0iEW3*TiJ 

# fc±*>fc£ k 1 J: 0 , MS»Hrt<ox*maLK*«-« 
ttlc* , &a^«>tf>i:#;l.&ii*. 

±# i , assess lt t> mziEmkBZ* tx w& 

•th . ±5Stf> J: a fc^'J >y TTMWjh* H 5 1 
Sfift. 4-SJi^W^-y F^*2 a^X^ftaWMflnt 

t<s. U4'^<-rst, £*>^yK»#2atf>X3ffo 

±iex^|t]^V x <W«££ft& .Ikfc&Os 136 
C^-f ? 7 7 fcts v V*cr>'J?%^WfcBtfft 
hK^Zb^hb^t^Kh. 
[0074] J^JLh. 7.A y/*W^7 \><nmpmt,Z'0 

»tS^>y HjSKVWX^ri6ijS4J-v x -ei>hb%z.bti 



0«H85fLT^S. ±IES1 1T1±, W&M 

[ 0 0 7 5 ] H4fc*5Vvt, WgSpA^tffit^h 
^{±. ^-y aWX^I^Jt^Vx *\ HSS^Jtl 

-9-xry y/snfc«aBfcr-^u, ^^-3**a v 

^-^A^iitrvvflrv^. lot, jjesi wz^x 
c\com&mAizmi-& tw^zti-wteMi. _hia 

S 6 «f UT±ier-^a* -^y^n-ybU 

a ( s 6 > . mmzM oa^' 1 sffliawjaaasr-^ 

^ 1 HB<DJIMt- ^ k LT±IE^ * U 3 5 C*Stt L 
(S3). ±E^«3Rttai»3 1 frt<03rU^88Rr 

i-h (S4) . 

[0076] WSaBPBfc*rf«*OWW4. ±iax* 

i*ifi!t* v x * { , ma a ^aaasr - * ^ftiun^ ^>ms 

OtMSPM^ 1 1> o stft fcJJK-ffi k i k £ 

tt, ^-y K«*2 as&««feiS[0«3&»feaiiaStHB« 
L1zb%V>\><r)X'fohbm*-&, H^t, ±15 S 1 Hz 

&^x ^vmmm mmh vmstit&&\z 

[0077] mmciz&tmmm&s ±iax^ 

mft* h^tsz^ix^h . *^M«-mst^ji 

m^gmc<vt itzmBSMk&ttbA,b'%^b^o c\ 
bmnz<<, znRmtT-ftetsizmmiisJ 
XTbh^m&ftiffi\\ feix. ±ias i hz&u 
xz<?mzmc mmh b^\^fitz^\z\t. ± 

fc« ( s 6 ) . ftatKOi^c^ i sffloawjsaaftr- 
^ * us a com aasr - * k lt ±i a^< ^ u 3 5 
t ( s 3 ) , ±iaif«+sj^3 1 u^aas 

(S4) . 

[0078] mmwz5k?mmmt. mxn 
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Lfcfc*<0fc^"Cfc6fcWift. ffi^T, UES1 1(3 

[oo79] mfemwE^-tmzmBii. ±iex# 

h*S»# 2 a#M££0 tii LXW&Uz b %<7)i><VXfo 
ItWtl. t-^t, ±fESl ltfc^T.lo¥'J5MS 

tix^&tix. ztibmmLT-fi&aT--99m 
[oo8o] >mw*Fiz*tmmm*.* ±tax^ 

'Vy FS#2 a£«£O£»i§Ucf£<0kC0 

sb&s o t jo £ as*?- * tiT v ^ c ^njigtt 

36**6. L*»U JJES5^S8t*5^TM*fcr-^ 
Jfc& ^ y * a* U * y b s l - s i o & t<o 

Mais&iMLT^i. o *>t. msi&ofcmhm 

[0081] ^tx-commmA-Etzim l^xz 

ft £> ffiSSr - * + t$M,6 O tf)fflSSRr - * * ft 
TV V&fc«J&*4£ JJES1 It 

is v - ^figg * e t IS § 1 W£ $ ftfc*£ t 

(i, -9-yru y^LTtraaaftr-^+tsi^iotiift 

[ 0 0 8 2 ] ±fes 1 1 fcfcvvt ±i£Lfc¥iI£S*A~ 

^yryy/L^HEgtsfiBfc i 5ffla^jaa»r 

1 1 ttswc h^tu >?Lt:mm(.T-?tf±. 
a ufcfl^HfcA-F £ft ti£§-f a 



4£W-tt. ffli.ff. 2fflgt8flgi: 1 4flSg<«£ 

isff-^sfflv^ifcittufco, i> 2av3flii<vF^ 
mt. 7. sM'gis^ii, 13, i4»tfi 
sMBco^imbm^xmitz^oLxh^. & 

vmm^t&frrtmt&ijmwHz, mm. m 

OTRLfc 4 5 ^<nmm.T-9^L < li^Xcom 

[0 083] &fz. rwsi ltfcwc, -tyryy/ 
LfcwaaRr- ^ offl # * { mjn l t u s nt\ -er* 

xwrnztz. *mmmxn. wmmm% 

a3HtfcKSL4v^-^JiNGi: IX. ±iaf'J£S^ 
[0 084] 1 ) fiJS^A 

H^2 Km/hJil±c0^ o *Hte^T14. lffliB t 8 
2 ) flSlIB 

1 fflg^MET-^ J; 0 8®n?>mmi¥-?<ajj 

zti^-fizw^i-m&comn oKm 

1 5fflg^^r-^^^#<, itifer-^t 

3 ) fijsa^c 

1 H g b 8 ffl g <9EjftjRr - ^ <0H tffl if 4 atKi£# 
lKm/h£lTC*-5t, 8fflgfcl 5fflgOji] 

adRr-^^tfflS^SiaLSII^l Km/hHTf) 

4 ) fJ5£*¥D 

1 ffl g eO^aaRr - ^ i 0 8 fl g cojajfiSRr- ^ ^ 
< . ^n^T-^tfflat-SiaLffiWll^ 1 Km/ 
hJjLhl 0Km/hJ^TTS>oT. 8flSB^» 
ftr-^ J: "9 1 1 SfflB^aaSr-^^^hS < . 
i/itr-^tffia-tiaK^S**! Km/hJJLhl 0 
Km/hl^TO^. 

5) WJSHSE. F 

l fflBo^aaRr-^ i 0 1> 8iIgc?)II&iiCT-^co^r 

A*/h$<. ifl^T-?tfflS-f Sj3S^H#'1 OKm 

mmhm^mn oKm/h^m 

[0085] ft. JJEflSE^tov^-CttifltRgS 
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[0086] ZOyX 0 {CUTH4t^rfl5aB(SB , 
D, E, F^vfft^l^Lttl^T-^ fcfc 

zmm^mmm-z ( s 1 2 > . jw*wfcti, 

K 2&t/'3iig(7)JWI^i!CT-^^£LT3T-S'J0. » 
£2. 3&tMfflB^E^T-*££l/C3T«l&fc 

s . k o s assist - 9 #_tiE s 8 t*s v 

SSSEKRHrtt *> 6 1 W § titzW&Xh ->X\,^<r> 
mm.f- 9izJA Xifitst fix ninTIBtttf* 6 tf> 

t % izJAXizX htt&PMS&kfc 

mhz.ttfx%h. zzx-a. wF*wte*ajt-* 

HHc: 3 oiOr- ? £ ffl^fc fr\ 4 5 -o<Dt- ?frt> 

^m^mmtHLx^x^. 
[0087] act. zti^M^m^cDMizmm 
ta-ti ( s 1 3 ) . ±»Lfc J; o t, -9-xry y/U: 

fctJft£A.«y F»#2 ac7)*>OT£>£tf)T\ UBS 1 2 

xtm itzmw^m^nw&mmftth z t x\ 

[0088] JSLh. ±Er-^WS»3 2(C*JV^T, $1 
fc4>, #SL^iSi[T-^^±fBlJS?ll^3 3{cai 
2-C1*3e3nfcHtiaRF i m a x i: JJafiWSSMSS 1 

ocnmm^m^i uphftjizti&wtmtmFokfr 
t>.m iz^mn^zm^uxw$i&oi l zm& x# 
fornix mntz, zokz, w%£.oizm&x 

»i3&»te«^'y Kausv*3raiT#5. zzx\ mi 

[0089] 

[Rl 3 Fi MA x-Fo=2-V-Fo/(C-V) 
[ 0 0 9 0 ] S fc. ±im 1 K^t^^TffiJttS^ 

o tzMzi±zcom&zj: i^mmiWE-ri^sifih 
h> *ZX\ WST1i> ±iti§jzmm3 4iz£ 
o t itsi § fut vt » 2 ^t«»5&&» IE 

&mEt&. mi / z*tmm*(Dm^tte±.m& 

SftSMS 3 4 i oTft$J2ft£$wS2r* LT V ^ . 
[00 9 1] 

[3R2] C = 331. 5 + 0. 6 ■ t Cm/sec) 

[0092] z<ox o iztxmnztifz^v mmv 
a. ±im^mo^zm^tix. n^mtixmrn 



oizm^ixftiit&m^mmvmmz^xm 
WLtztK ztiwttzmimmitz<\v mmvz 
^x'taiji-i^m^mm^x^i:^. 
i o o 9 3 ] *n«0BJBfc jfuf. B&Raa&ft? 

hco^-v i?m&JEmzwfct& z t jfix*% So ttz. 
^mmmmizmmfcm.iit. vvrwrm^ 

MizmfeLX U T)V9 A JiTr-fWrnZfr o <DX\ a 
■y hX>f yyLtzh-f<\iZ^<7)^y YW&Wfitth 

zkftX%h« ±tz. zcDXolzy-yTVyymZMfe 
thzt x\ £®<7)-t-? zy-yrv y?Lxfrt>T- 

?%m*'€ o ^ZitKX . ±IEp< =E U 3 5 ^ * 'J 8 

[0094] C39^M 1 3 *^MM^*3(tSr 
-^^£g|5 3 2WT-^^SIg^^J (lilT. *^ 

jwd* rsewwij fcv^. ) iz^xmwtz. -hie 

Sl^S4t:i5V^±iBT-^#£a53 2H]Ri5a*<l 
-yT7-fi-tfi)c^t J: S A Xf&ftiMittL. 

a. zn£o%;4xmiz£hmm.T-?*m : >L 

tT . XJ±±f E S 8 fctJ v J4«5ESaM(iSffll*I t=flrv > k 

ix . _hia s 6 izwti iT-mx^y?-^) -t -v v 
s->t, jiiE^JW^ia^yryy^m 

t !> ftfe 0 mWffiX'T- 9Wi*7V9 -ft y b S 

[0095] zzx\ *%mmx'i&. ffi&mts mi 
fi a * -co^aasT - ^ & jx o EA^m^w x. if 6 us s 

±IES 6B.VS 3CDT-?mm*'tth~f ^i*± 
IBS 4 l;M^T±IEif «3»ft«IS 3 l frt>nm I v« 

»t- ^ w 6 ffl a o if aasr - ^ 1 1 t ix o so . 

[0 0 96] Btf 6ffll<0ja«gRT-*fc LTSSJD 
%A,tzmmrr-n$. ±IES 7 (cfcv^T 2flgfr<^Ja» 
ftr-* fc {OS&WMWe^EajSitS ±IES 8 1 
*JJt & ^^SIEH & -B#W^M t if 2 figgJSMf 4 

tti&kMmm<?)Bwz^%tf&<7)x\ muf. my 
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[00 97] CS9BW2 ] iWc, :*£B»BJBfcfctt$T 
-?#£^3 2^T-?MSI^ffc^£lM 1 J (OT, 
r £«2j ) fcowtgtHjjta. 

Will _hlBM^Jlfcl5l«^. T-^«!aiS« 

ii^T- j a xffium *) tit r- * mm**? o m- 
ibsbai i rti. / 4 xm^^±tBp< ^ y 3 5 izwm 

y 4 xj$#?)ffifaTJR o & a *ut 2 ■o^^aafer - * 
wir^iL, g^ffifci*^ *j£#*^3*u> 
< # *§ m fcft*w s . i » ± -5 fc y xjs^wr o a* 

[0098] ] *Hit®SS(=t5ttST 

s . ±a LtiMiiy't»i i 2 a >j r;w? 
t:, ffioa^'#^«asT-^^bTS33&^s 1 1 

SWf-^JGISrlT'S. *S9E^-Ct4, JUS*?-* 

n^Kxnm&r-f fcsx oax/tis* t y Mfi-t 

[00 99] im&m ] *^jS^S8tc*5ftS1i 

2&tf3ti5Wn;L JM#8WJ£?¥2 7 

ff-tS^g|52 8T-ii:fttif^itWaV^aifI-tSrjMJR-r 

■y h*&#2 a fcttJ^S t J: 3 

T V M . U> L . ±IEff ^tt HJIMS 2 7 <^I#«JfiS*« 

m&m&mmmi&imi'^zii^mims e 

SIRS 2 8(2. it^ttaMI-fKWi&tiff *WI*S f £ 
6. £<0fc#>. ^^KH5*2aJ^(.C7)K>y7 0 7-fi^ 
[0100] a t^-y Kgfl#2 aJitfhCD H >y 7°? 



±IBT-^WS*3 2Wf s -^»«ISt*5ft 

8fc:*5ttS«®S96KiartfcJR*0. ±IBS l 1 
tctJttS WSS* t> il^-t i: We § iiS ^^fc S . - 

l>' 3 coaOSSHfcfc V (± . f JS^O ttJ ft h E&Rt 

-^^-tyryy^'-f sift. ;»A7^»#W 

[oioi] zzx\ *$gmizt$ux&. JiiBfi^-ja 
txsi52 8£. mimfc&m2 7izmz>mi>m^m 
aaawaiH H^^ff-t ^tBtiA^^^f # s f o^s: 

m2 9*wmix. tmm^zm-t^mm^ s 
h £_hiBfi-tMagi5 3 o tai* s *s «t o izmm ix v ^ 

S. <7)MfoWfr -y Ty-iE^r 

l&frfi. ^-y K»*2 a Wt^T^mait ; i : «* ^ iSV^ 
fcft. I« J: o * H >y r5Hi#ja^Si: /Lii'ti-blB 

2 8 fc*J V %T . i « J: 0 ^ -y H 95* 2 a H >y 7° 

[0102] ±Mifcm&m£.wz2fflm u 

3Wi!l^a{i. JJEr-^«fgi53 2^WfllK**. 

m%m%.mwtmmix-fo&. ttz. zcoT-m% 
m 2<wf-*msmt. mnmm%.mmzmi 
^titz±tmwmu 2 sm/mmsm 3 3 <?xm 

[ 0 1 0 3 ] ife. J: 0 , fflliif , 

miktf. ^-y HiSKSrSISf S # tJiiiSSIJKS** 
±IBT-^^^3 2^T-^^IIg£Hfft. 

[0104]^. ±aLfc5aBe«afeVfcse»«i , 
-^7 h ^stt^ K v7?-m^i&.ttvmmkzm^x 
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wmm-mmz^xmwuztiK n-y 

frhftuztdzfimiF i o k -y ry-immtmw 
mrnkFocommmt &m&th&&&k ixn 

7ffi2 6 tcii, F -y r^Hi^JS^TU* < . JJE 5 * 
iffcl«t oTfcfcftfcil#E«»F d ( F d = F i - F 
o ) & tolliMi-tfig^A^SilS Z fc 

§ . JMJSMSS 3 3 Tli . ft 1 fc^ Lfc»Jfc*fc F 

d=F i - f oZttAixfttih&ffini&izm^rm. 

[ 0 1 0 5 J 4fc. JJSLfclSJIJBJRMtf ££9801 1 , 
2, 3Rtf4fcfctt47<f/H'B2 6. fi#«lfj»»2 

7 . mwm 2 8 . &ji®m 2 9 . j^mm 3 

K T-^#SgP3 2&V'5SJS^a53 3^i. 7^- 

tLfe#s<7)flWES:^rrsT -f 'J^Mt^mm^mt xm 

DSP^»Wfflffiv>f3>*PSfflv^«)J:v\ ±Er 
* 5/**yWiW!¥RfcJ*fctf4W«i. ±»U;7 * 
;I^P2 6. «^«tfJ#S¥2 7, MI2 8, aj^j 

«m#g2 9 , mmmffi3 1 . t-^^sb3 2m 

[ 0 1 0 6 ] 4fc. 12LftWMl>'(»l 1 , 

2, 3&v4^fc^T(i. ^<y mm^m^zmm-th 
mt ixmm^muzmmz^xmmuzt\ * 

WPHi, WgWfcfttRatt-tifc**?*. **>fc&o 

ifckwe&So 

[0l07]iJt, J^bfcgSSE^tf fcSSBfl 1 . 
fcfcgSraSrfSi^fcMf, Mitt. d)vy?y 

ycD^v mm. nmkif^y^-wf^mm^m 

[0 108] 

imvmi mmninmi ocowmzxtiti, m 

h mmMm^mtitz&m.frtomiz'fh z t #-cz 
h m^mhfa<mmm\%^*mk$ izt ttx § t 
fci^ftwtsft*****. ttz. ! m.LtzVv77-m 

7~-m^f&ttmj£t& z fc 4<o-c, TCSt*j 



[0109] ftfc, 11*112 WfSWtiWf , ffl£*f* 

<thzt tfx*h<nx\ x vn^mxmmmmfcz 

[0 1 1 0] ifc. 11*113^ 8 cnmizXtllf, -t 

yy°V y?$wy%<x i>m%Aizmm%.vyTV 
yym^^t^ z 1 mtob% 0 , -fyr v y^f- 

>hm\:. >mmt*m hzttfxz&t^o muztm 

to 1 1 1 ] ±tz. rnm^mmziui. jAxm 
i,zx t^-yrv yfT-ttfea ix . imMcvmmz 

[0 1 1 2] ±tz. mm5. 6RV8CD%,Wlz£tL 

[0 1 1 3] 4fc. if*Jl9^0^cJ;ii(f, 
y ^r- ^ tfi fc J A Xifi^ 4 iiT w I) «^-c 2b -5 X i> , 

[01143 If^l ooSMHfciiitf. 

[01153 H*il 1 1 1 4 W^tiiKf % 
fc4B&P3a»ft^A»Knfcfi[S*^«!I®t«. i btfX% 

[0 1 l 6 3 1$t. ff*Jll 2<ofMHtJ:iitf. 88S*f 
^ < -f-S £ fc I) <0T. J: 0 SV ^JST-HMiS 

3 ^ fc 4 fc v ^ writzimtfiib h . 

[0 1 1 73 4^. mmi 3<0fHBfci*Uf, ±^L 
/t»I3. 4, 5. 6, 7X(i8c7)H«M£^^ 
3&JH£ t -5 T^MJSiliJS&ff a Z fc & fc v ^ ffitt 

tz%%jfihh. 

[0 1 1 8 3 4fc. lf*JH 4cr>%tylz£tHf, -fy? 
. M7 i £n$3HI££fitK(^Pi. 4 i fc ifiX% 
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[01 ] MMffiMteMi&MMi/ZT&WWWMfSM, 


1 0 






1 3 






2 0 




[03 ] ISJiJSSE^T— ?^£nBfci>(t&-r— ^J&S 


2 1 






2 5 






2 6 






2 7 




[05 ] .x^f y^'B^Hi^tSA-y Y^M.^W^.iti^ 


28 






2 9 


H4-hJ-TH(!S3a 


[06 ] PP^y bX^f y^^ijitSaiJ^iEHl^^X^" 


3 0 






3 1 






3 2 


7 7 W^oP 


1 SJJSSS: 






2 


34 




2 a ^7 Kg&ft 


40 
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